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PREFACE TO THE FIRST EDITION. 



This Text-Book of Physical Geography is intended 
chiefly as a Manual for Students preparing for the 
South Kensington Examinations and for Senior 
Classes. Long experience as a teacher has convinced 
me that tliere is a want of some work on Physical 
Geography which, while embracing the whole range of 
the subject, shall at the same time be suitable, both 
with respect to style and price, to science classes. 
Several excellent text-books are already in existence, 
but in some cases the price is such as to put them 
beyond the reach of students, while very often the 
technical character of the style is far beyond all but 
the most intelligent of them. A complete manual, 
in simple language and at a moderat<e price, would 
therefore seem to be a desideratum. The example 
of Professor Tyndall, whose profound researches are 
detailed in language of singular clearness, has en- 
couraged me, though longo intervallo, in the attempt 
to combine simplicity of style with scientific accuracy. 
How far I have succeeded remains to be seen. 

A work of this kind must 'of necessity partake 
somewhat of a compilation ; but in th.e gcovjcgm% ^l 
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facts, and in some of the deductions drawn from 
them, I may lay claim to some originality. A series 
of Examination Papers is given at the end, which the 
reader wiU no doubt find useful ; but I have not con- 
fined myself to the scope of these papers. My aim 
has been to give a complete view of the whole range 
of Physical Geography as fully and as connectedly as 
the size of the book would allow. I have endeavoured 
to consult those authorities which carry most weight 
in their several departments; and in the selection 
of facts have given the preference to those of the most 
recent date. It would be tedious to mention all the 
sources from which information has been gained, and 
a list of chief authorities would look like unnecessary 
display. In almost every instance, however, they are 
mentioned in the text. 

W. L. 

St Mark's College, ChelsbAy 
January 1874. 
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PHYSICAL GEOGRAPHY. 



CHAPTER I. 

The Crust op the Earth. 

The earth on which we live is a large ball or globe 
isolated in space. The circumference of this globe is 
nearly 25,000 miles, and its diameter about 7912 miles. 
It derives its light and heat from the sun, which is about 
one million times larger ; and the mean distance of the 
earth from the sun is 91,350,000 miles. The earth makes 
an annual revolution round the sun in a path called its 
orbit ; while at the same time it spins round on its axis, 
making one revolution every day. Several other globes 
besides the earth revolve round the sun, some larger than 
the earth, some less ; some nearer to the sun, others more 
remote. All these bodies, the earth included, are called 
planets. In very early times astronomers distinguished 
between the planets or " wanderers " and fixed stars. The 
former shine by the reflected light of the sun, just as the 
moon does, or as the earth would appear to do if viewed 
from the moon, or from one of the neighbouring planets. 
The stars shine by their own light like the sun itself, and 
indeed are each of them suns. The nearest of the fixed 
Btars [a Centauri) is at least 200,000 iVm^ft Ixxx^'Kt 
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distant than the sun, while others are at a much greater 
distance. Each star is probably the centre of a system 
of planets similar to our solar system. 

The earth's motion round the sun is the result of two 
forces acting in combination. Centrifugal force and the 
force of Gravitation. Centrifugal force acting alone, 
would carry the earth away into space, but gravitation 
keeps it revolving round the sim. An illustration of these 
forces is seen when a boy uses a sling. The two strings 
which he holds in his hand act like the force of gravitation, 
and keep the stone whirling round his head. When one 
string is let go, the stone is set free, and away it flies 
owing to the centrifugal force which it has attained by its 
rapid motion round and round. According to the law of 
gravitation, bodies attract each other in proportion to the 
mass of matter which they contain, and to their proxi- 
mity to each other ; or more precisely, every atom of 
matter in the universe attracts every other with a force 
which varies inversely with the square of the distance 
between them. Thus the earth attracts the moon, and 
keeps it in its orbit, but the moon also attracts the earth, 
and forms the tides. Every object upon the earth's sur- 
face is drawn towards its centre, and the weight of a body 
which we feel in lifting it, is but a measure of this attrac- 
tion. Some bodies are heavier than others of the same 
volume, simply because they contain a greater mass, or, as 
we might say, a larger number of atoms. As each separate 
atom exerts the force of gravity, substances in which the 
atoms are allowed to move fireely, naturally assume a 
globular form. We see this exemplified on a small 
scale by the dew drops which hang on the blades of grass ; 
and it is owing to the same law that the planets are all 
more or less perfect spheres. 

A knowledge of the law of gravitation actually enables 
us to ascertain the weight of the earth. The calculation 
depends upon the principle of comparing the attraction of 
the earth for a small body with that exerted on the same 
hody bj some other mass of definite size, and weight. In 
the jrear 1772, the mountain called Schehallion, in Perth- 
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shire, was selected as suitable for this purpose. A plumb- 
line was suspended in the neighbourhood of this mountain, 
and it was noticed that the line was slightly deflected from 
the perpendicular, owing to the attraction of the mountain. 
The amount of deflection was carefully measured, as was 
also the size of the mountain. It was then calculated 
what the amount of attraction would be in a mass the 
same size as the earth, and composed of materials similar 
to those of which the mountain was composed. The result 
arrived at was that the earth as a whole had a much 
greater density thidfc the mountain mass. In other words, 
while granite has a density of about two and a half times 
that of water, the mean density of the earth was calculated 
to be about double that of granite. Since then, other and 
more accurate methods have been adopted to test the 
earth's density, and it is now generally admitted that it 
amounts to about five and a half times that of water. 

An opinion at one time prevailed that the interior of the 
earth was a molten mass, and that this internal fire was 
surrounded by a comparatively thin crust of solid land. 
Mathematicians have proved that this opinion is no longer 
tenable, and it would be hard to reconcile it with the great 
density of the globe. Even supposing the interior of the 
earth to be solid granite, we could not account for this 
density, and it has been conjectured that it consists for the 
most part of metals, most probably iron. Confining our 
attention, however, to that portion of the earth's crust 
which comes within the limits of human observation, we 
find that it is composed of a vast number of substances of 
various kinds, and of different combinations. But just as 
the thousands of words which compose the English lan- 
guage are built up out of the letters contained in the 
alphabet, so the various substances found in the crust of 
the globe are composed of a comparatively few elements. 
Of these, sixty-six are at present known to the chemist. 
Some half-dozen have been discovered within the last 
twenty years by means of spectrum analysis, but they do 
not seem to play any very important part in the economy 
of nature. 
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Of the sixty-six Chemical Elements, fifty-one are 
metals, leaving only fifteen non-metallic substances. All 
the metals, except mercury, are solids; mercury and a 
non-metallic element called bromine are, in ordinary tem- 
peratures, liquids ; while other elements, such as oxygen 
and hydrogen, are gases. Mercury, when exposed to the 
cold of the polar regions, becomes solid, and may be ham- 
mered like lead ; on the other hand, when exposed to a 
high temperature, it is changed into a vapour or gas. 
Chlorine, which imder ordinary circumstances is a gas, can 
be condensed by extreme cold and pressure into a liquid ; 
oxygen, hydrogen, and nitrogen have also recently been 
liquefied by a similar process, and hydrogen even solidified. 
All the metals are easily fusible, though at different 
temperatures, and if the heat be increased, pass from 
fluids into gases. Some substances, however, such as car- 
bon, never liquefy, but with a high temperature pass at 
once from the solid to the gaseous state. The simple 
elements are very unequally distributed in nature. Thus 
oxygen forms one-fourth part by weight of the whole 
atmosphere, and nearly nine-tenths by weight of the whole 
of the water on the globe. It also forms, in combination, 
nearly one-half of the solid crust of the earth. Silicon 
forms about a quarter of the earth's crust ; next rank in 
order, aluminium, iron, calcium, magnesium, sodium, 
potassium, and carbon. These nine together have been 
estimated to constitute t^Vtt of the earth's crust, the other 
elements together contributing less than one-fortieth. 

The atmosphere is mainly composed of two gases, nitro- 
gen and oxygen ; water is composed of oxygen and hydro- 
gen. But in one case the gases are merely mixed; in 
the other they are chemically combined. Chemical com- 
bination is said to take place when the compound body 
loses the characteristics of its constituents, and forms an 
entirely new substance. Thus water has no resemblance 
either to oxygen or hydrogen, one of which is the most in- 
flammatory, and the other the most inflammable of gases. 
In the air, however, there is merely mechanical mixture 
of two gases without any chemical change. As oxygen is 
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the heavier gas of the two, it was at one time thought that 
in the upper regions of the air we should meet with an 
excess of nitrogen. It was found, however, by experiment, 
that this was not the case, and the circumstance is explained 
bj what is termed the law of diffusion. This law, which 
holds among all gases, is to the effect that the particles 
of one gas have a tendency to interpenetrate those of 
another, though of different weight, so that the two are 
equally difiused. 

Chemical compounds have been arranged into three 
divisions : binary compounds, or those containing but two 
elements, as water, for example ; ternary compounds, con- 
sisting of three elements, such as marble, which consists of 
carbon, oxygen, and calcium ; and quaternary compounds, 
which contain four elements, as alum, which consists of 
sulphur, oxygen, aluminium, and potassium. The chief 
binary compounds are those of oxygen with some other 
substance. Such compounds are termed oxides ; thus iron 
mst is the oxide of iron ; red lead is the oxide of lead ; 
platina, soda, magnesia, and silica are the oxides respec- 
tively of platinum, sodium, magnesium, and silicon. The 
compounds of chlorine are termed chlorides ; thus common 
salt is the chloride of sodium. Oxides which contain a 
large proportion of oxygen exhibit acid properties: 
sulphuric acid is a compound of oxygen and sulphur ; 
carbonic acid of oxygen and carbon. Other binary com- 
pounds besides oxides are acids : thus, hydrochloric acid 
is a compound of hydrogen and chlorine. When an 
oxygen acid combines with certain other oxides, such as 
soda and magnesia, a salt is produced. The name of a 
salt is formed by changing the termination of the acid, 
and placing it before the name of the oxide. Thus sul- 
phuric acid combined with soda forms the sulphate of 
soda, or Glauber's salt; with magnesia it forms the 
sulphate of magnesia, or Epsom salt. These salts are of 
course ternary • compounds. The oxides which, when 
united with an acid, form salts, are termed basic oxides, 
or more briefly, bases. 
%Ti^eoik does Dot exist in a natural state, \)\]l\. *\\a C):l\^^^ 
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silica or silicic acid, is the chief constituent in the solid 
crust of the earth. Sand is generally composed of quartz 
grains, and quartz is almost pure silica. Sandstone is 
simply consolidated sand, the particles having been com- 
bined by pressure, or by the infiltration of lime, oxide of 
iron, or other cementing material. Granite is a compound 
of quartz, felspar,, and mica. Felspar is chiefly composed 
of silica, alumina, and potash ; while mica is a compound 
of silica, potash, and magnesia. Flint is an impure form 
of silica. Gneiss is also almost entirely composed of it ; 
while a multitude of other materials out of which rocks 
are formed, such as trap, basalt, lava, and clay are silicates 
— that is, compounds of silicic acid with a metallic oxide. 

The metals which compose such a large proportion of 
the simple elementary substances have been divided into 
four classes : 1. Metals of the alkalis ; 2. Metals of the 
alkaline earths ; 3. Metals of the earths proper ; 4. Metals 
proper. 

To the first group belong potassium and sodium. The 
term alkali was first applied by the Arabians to the car- 
bonate of soda found in the ashes of seaweed, and 
afterwards to the carbonate of potash obtained by burning 
land plants. These carbonates are now termed mild 
alkalis, in contradistinction to the caustic alkalis, soda and 
potash, obtained from them. The characteristic properties 
of an alkali are a peculiar taste, the power of changing 
vegetable reds into blues or greens, and yellows into 
browns ; and the power of neutralizing acids when added 
in sufficient quantities. Thus soda and potash neutralize 
carbonic acid when combined with it. Potash and soda, it 
will be remembered, are not simple elements, but oxides of 
the metals potassium and sodium respectively. Potassium 
has a brilliant white colour shaded with blue, and in 
ordinary temperatures is soft like wax. At the freezing 
point, however, it is hard and crystalline. As a metal it 
has no particular use. The substance is found chiefly as 
potash, in granite, trap, and other igneous rocks, and is 
associated with silica. From the disintegration of these 
j-oeA^s it finds its wajrinto soils, from whence it is extracted 



THE CRUST OP THE EARTH. 15 

by plants. Sodium, like potassium, is never found free, 
and can only be obtained by difficult chemical processes. 
It has a reddish- white colour, and is soft and adhesive at 
ordinary temperatures. As a compound it is very abun- 
dant in most soils, and in marine plants. The chloride of 
sodium is common salt. 

The second group of metals comprises calcium and 
magnesium, and two others, barium and strontium, less 
widely distributed. All the metals of this class are obtained 
with difficulty, and are never found but in combination 
with oxygen or some other element. Calcitim is described 
as a silver-white metal. Combined with oxygen it forms 
quicklime. The carbonate of lime is limestone ; and the 
sulphate, gypsum. Chalk is a softer kind of limestone, 
while marble is a hard crystalline form of it. The finer 
varieties of gypsum form alabaster and selenite. Mag- 
nesium is a metal said to resemble zinc. Its oxide, 
magnesia, readily combines with carbonic acid, and is 
sometimes found in nature as a carbonate. Combined 
with the carbonate of lime it forms magnesian limestone. 

Among the metals of the earths proper, aluminium is 
the most important. It is never found *in a native state, 
but can be produced at a moderate expense, and has been 
put to a variety of uses. Its oxide, alumina, is very 
abundant in nature. Combined with silica it forms clays 
of various kinds ; and the silicate of alumina combined 
with potash forms felspar, one of the constituents of granite 
and other igneous rocks. The disintegration of granite is 
owing to the action of rain-water charged with carbonic 
acid. The acid dissolves the potash and a portion of the 
silica, leaving the excess of silica and the alumina still 
united. The sulphate of alumina combined with the sul- 
phate of potash forms alum. 

In the group of metals proper are included gold, silver, 
platinum, iron, lead, copper, quicksilver, nickel, tin, zinc, 
antimony, arsenic, manganese, and bismuth, and others less 
common. Gold, silver, platinum, and a few others are 
occasionally found in their natural state as metals. The 
great majontjr, however^ are chiefly found as oxea. ^QXDka- 
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times the ores are allbys or combinations of different metals. 
More frequently they are salts or oxides of the metal. The 
ores of lead, zinc, copper, and antimony are frequently 
sulphurets. Platinum is the heaviest metal known, and is 
nearly twice the weight of lead. 

Carbon forms the greater part of the structure of all 
organic substances, and it is remarkable for the number 
of its compounds: It exists in nature in a pure state in the 
diamond. Next to the diamond, the purest natural form 
of carbon is graphite or plumbago, commonly called black- 
lead. Iron is frequently present in graphite, but in its 
purest form it consists entirely of carbon. Charcoal and 
lampblack are artificial forms of carbon. Combined with 
oxygen, it forms carbonic acid, and this gas, as we have 
seen, readily combines with lime, magnesia, and other 
bases, to form solid compounds. In union with hydrogen, 
it is the chief constituent of coal, and along with oxygen, 
hydrogen, and nitrogen, it is an abundant ingredient in 
plants and animals. 

In this brief review of the more important elements 
which make up the solid crust of the earth, we have had to 
notice some of the changes and combinations which these 
elements undergo. Thus, felspar, we have seen, is a 
silicate of alumina and potash ; carbonic acid combining 
with the potash, dissolves it, leaving a residuum of clay. 
Now, if clay be boiled in sulphuric acid or oil of vitriol, 
the acid combines with the alumina to the exclusion of 
the silica, and forms the sulphate of alumina. It appears, 
therefore, that certain of the elements have, as it were, a 
preference for certain others, and enter readily into com- 
bination with them ; thus, carbonic acid shows a preference 
for potash rather than for alumina, and sulphuric acid has 
an attraction for alumina rather than silica. This pre- 
ference or attraction has been called chemical affinity. 
Chemical afl&nity then is the force which unites unlike 
elements and forms a new chemical combination. In this 
respect it differs from the attraction of cohesion. For 
although the attraction of cohesion is most strikingly 
exemplitied when uniting particlea o£ tVift ^me kind^ it 
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does sometimes unite particles of unlike bodies, as when 
gum and paper are united ; but these are only mechanical 
mixtures, they do not form a new substance with different 
characteristics from those of gum and paper taken sepa- 
rately. (Wilson: Chemistry,) 

Another force which plays an important part in all 
chemical changes is Heat. In most cases heat adds energy 
to chemical action, and in some instances is necessary to 
it Thus, limestone is reduced to quick-lime by being 
burnt in a lime-kiln. The stone, when raised to a red 
heat, parts with the carbonic acid, and only the oxide of 
calcium is left. Almost every change of temperature 
involves some chemical action, and, on the other hand, 
chemical action generally involves the increment or reduc- 
tion of temperature. The high temperature of the human 
body is maintained by the continual combination of oxygen 
derived from the air with the carbon and hydrogen con- 
tained in food. Ordinary combustion is really nothing 
more than chemical combination. The oxygen of the air 
combines with the carbon and hydrogen of the fuel. The 
fuel does not unite with the oxygen unless it be first raised 
to a high temperature ; hence the process called ^' lighting 
a fire." The precise nature of heat and the relation it 
bears to light will be referred to in a subsequent chapter. 
It is not a substance but a force, and is but a form of 
motion. That heat produces motion is a fact familiar to 
every one. The expansion of gases, the conversion of 
water into steam, and the effect of steam as a motive power 
are well known. Motion, on the other hand, may always 
be converted into heat ; when motion is interrupted, heat 
is evolved. The natives of the South Pacific produce a 
fire by rubbing together two pieces of dry wood. An 
aerolite is ignited by the friction of the atmosphere. In 
both cases friction interrupts rapid motion, and heat is the 
result. The rifle bullet stopped by the target is melted by 
the heat produced. The law is universal. Water falling 
in a cataract or waves beating against the shore produce 
heat, which is partially expended by turning the water into 
spray. 
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Heat appears to be the result of a rapid vibration in ttid 
particles of a heated body, and when motion is converted 
into heat, the change is explained by saying that the 
motion of the mass is reduced to the motion of the atoms 
of which the mass is composed. It is well known that 
different bodies have what is sometimes termed different 
thermal capacities. Thus, if iron, mercury, and water are 
exposed to the same high temperature, it wiU be found 
that the iron is hotter than the mercury and the water 
cooler. Professor Tyndall tells us that in each case the 
amount of heat received is exactly the same, but that this 
heat has two operations, one the production of tremors or 
vibration of particles, which raises the temperature of the 
body ; and the other the weakening of molecular attrac- 
tion ; and as this internal molecular work is different in 
different bodies, so the amount of heat which can be 
devoted to raising the temperature of the bodies also 
varies. The great capacity which water has for absorbing 
heat tends to prevent any sudden changes of temperature, 
and hence the equable climate of places near the great 
oceans. In solid bodies heat is transmitted from one part 
to another by conduction. Ail the metals are good con- 
ductors — silver is the best, bismuth the worst. Wood is 
a bad conductor, hence workmen who use heated tools 
generally have the metal instruments fixed in a wooden 
handle. Liquids and gases are bad conductors, and the 
transmission of heat from one part to another is chiefly 
effected by convection, that is, by the intermixture of the 
hotter and colder portions. Thus when a kettle is placed on 
the fire, the particles of water at the bottom are first heated. 
The heat expands them, and they become lighter. Hence 
they rise up, while the colder water from the top descends 
to be heated in turn. This process goes on until the whole 
mass is raised to the boiling point. 

More powerful in some respects than heat, as an agent 

in chemical combination and analysis, is Electricity. Of 

its exact nature very little is known, but, like heat, it is 

jDTobablj a form of motion. It pervades the earth, the air, 

and all substances Tvithout giving any visible sign of its 
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existence when in a quiescent state, but is excited by heat, 
friction, and chemical change. It is of two kinds, positive 
and negative, sometimes called vitreous and resinous. 
Bodies charged with different kinds of electricity attract 
each other, but those charged with the same kind repel 
each other. When a current of electricity passes through 
a body freely, its presence is not felt, but if its path be 
obstructed, an amount of heat is evolved in proportion to 
the amount of resistance met with. The atmosphere is a 
bad conductor, and hence the electric fluid, in passing from 
the clouds to the eai-th during a thunderstorm becomes 
visible in the form of lightning. All metals are good con- 
ductors. Glass, resin, silk, wool, india-rubber, and gutta- 
percha oppose resistance to the passage of the electric 
current, and hence are termed non-conductors. A body is 
said to be insulated when it is not in contact with any 
other bodies except non-conductors. Telegraph wires 
generally rest upon glass or porcelain sockets, otherwise 
the electricity might run down the wooden posts into the 
ground, and the current between one station and another 
would be interrupted. 

When a body is charged with electricity the charge 
resides on the surface, and is most abundant at those parts 
which are most convex, or which project furthest from the 
general outline. Conductors, therefore, which are intended 
to hold their charges without leakage should have smooth 
surfaces. On the other hand, if the conductor is intended 
to give off or receive electricity readily through the air, it 
should be furnished with pointed projections. It is for 
this reason that the upper extremities of lightning con- 
ductors are pointed. 

Magnetism seems to be of the same nature as electricity, 
though it differs from it in some particulars. There are 
two opposite kinds of magnetism, just as there are two 
opposite kinds of electricity. Every magnet contains both 
kinds in equal quantity — usually confined one to each 
half of its length. And as with electricity so with 
magnetism — the opposites attract, the like kinds repel. 
If a piece of soft iron he held close to a magaet^ \l "^VW ^^ 
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attracted to it. The extremity of the magnet indiices, in 
the near end of the iron, a kind of magnetism opposite to 
its own, and in the other end of the iron, a kind similar to 
its own. The process is similar to electrical induction. 

The magnet is found as an iron ore in a natural state, 
but its properties may be communicated to other substances, 
and steel, when magnetized, retains these properties with 
little change. The ancients seem to have been acquainted 
both with natural and artificial magnets, but the important 
fact that the magnetic needle, when suspended on a pivot, 
always disposes itself in a north and south direction, was 
not ^scovered until the thirteenth century. The inclination 
and dip of the needle will be referred to in a subsequent 
chapter; but it may be here remarked that the various 
movements of the magnetic needle can only be explained 
on the theory that the earth itself is a large magnet ; 
and this is one reason why many suppose that the interior 
of the earth is composed for the most part of iron ore* 
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CHAPTER 11. 

Geological Systehb. 

An observer stationed on the top of the Malvern Hills, 
and looking towards the south-east, would see below 
him a broad, flat plain, through which the Severn flows. 
The eastern side of this valley is bounded by a steep 
escarpment of rocks, known as the Gotswold Hills. The 
rocks belong to what geologists called the Lower Oolite, 
and among them beds of fuller's earth and marly lime- 
stone occur. If our observer were now to descend from 
the Malvems, cross the valley of the Severn, and ascend 
the escarpment, he would find himself^ not on the summit 
of a second range of hills, but on the top of a flat table- 
land, gently sloping to the east and south-east. Grossing 
this table-land, he would at length come to a second 
escarpment, of chalk, formed by the Chiltem Hills. This, 
again, is but the abrupt western termination of a second 
table-land, lying upon the first, and sloping eastward. Con- 
tinuing in a south-easterly direction, he would find at 
length that the chalk disappeared under a new kind of 
rock, just as the oolites had disappeared below the chalk. 
This last formation consists of brown and bluish clays 
belonging to the Eocene strata. 

It is plain, therefore, that, in passing fi:om the Cotswold 
Hills to the neighbourhood of London, we find at least 
three distinct systems of rocks — using the term in its 
technical sense, as including all the materials of which the 
crust of the earth is composed — and that these three 
systems overlap each other, the inferior ones being con- 
tinued eastward at unknown depths, and terminating west- 
ward in bold escarpments. A similar arrangement is found 
in other parts of Great Britain j in fact, ikvft oo\il\tt ^^Kax^- 
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ment stretches in a more or less perfect form from Dorset 
into Yorkshire. In the latter county we have a third bold 
escarpment, formed by the magnesian limestone, which 
passes beneath the oolites and chalk, but overlaps rocks 
belonging to the carboniferous system. "Were we to con- 
tinue our researches into Wales and Scotland, we should 
notice an absence of the chalk and oolites; but other 
harder rocks would appear, all more or less keeping the 
same arrangement — lying upon and overlapping each 
other, though often much bent, broken, and contorted. 

Now, the first thing to be noted about these rocks is, 
that they always keep the same relative position. The 
chalk never lies beneath the oolites; the oolites never 
beneath the magnesian limestone. Rocks which appear 
in one part of the country may disappear in another ; but 
when they are present they always maintain the same 
relative position. The next thing to be remarked is, 
that all these rocks must at one time have been soft and 
plastic, like sand or clay ; for we find embedded in them 
the remains of plants and animals. In the hard slates and 
flagstones of Wales and Cumberland, for example, we find 
the impressions of shells, seaweed, and shell-fish. These 
two facts — first, that the rocks are always found in the 
same relative position; and secondly, that they contain 
the remains of plants and animals — ^led men to speculate 
upon the origin of rocks, and upon the processes by which 
they have been brought to their present form. 

The result of these speculations is, that geologists are 
agreed that slate and flagstones are but consolidated clay; 
sandstone, but sand bound together by lime or iron, and 
hardened by heat and pressure ; while limestone, for the 
most part, contains the substance of ancient coral reefs. 
When these ideas were firmly fixed in the minds of scien- 
tific men, it was seen at once that a study of the rocks 
of any country revealed its physical history ; that great 
changes must have taken place in the distribution of land 
and water in times past ; that indeed every foot of dry land 
must at one time have been covered with water, sometimes 
to an enormous depth. 
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The study of the fossils — as the organic remains found 
in the rocks are called — added considerable interest as well 
as certainty to these speculations. It was found that each 
system of rocks had its own characteristic fossils : that in 
some, shells abounded ; in others, various kinds of vegeta- 
tion; in others, gigantic lizards; while the more recent 
systems contained the remains of animals allied to those 
now in existence. When once it became certain that all 
rocks had not been created at the same time, but that they 
had been all gradually formed by processes which are even 
now at work ; then it was apparent that the lower rocks 
must be more ancient than the upper ones ; that chalk, for 
example, must be more ancient than the eocene strata, and 
that magnesian limestone must be older than the oolites. 
And an interesting point connected with the fossils found 
in the various systems of rocks is, that there seems to have 
been a gradual progress from lower to higher forms during 
geological ages. In the oldest rocks of Great Britain — 
taking those as the oldest which occupy the lowest position 
— we find the remains of shell-fish and traces of seaweeds, 
in those immediately above them traces of fishes with back- 
bones, next we find traces of land animals, and then birds. 
In the oolitic rocks we meet with the fossils of marsupial 
animals allied to the opossum and the kangaroo, while in 
the more recent formations we find species belonging to 
every existing order of animals except man. The same law 
holds with respect to fossil vegetation. The seaweeds and 
mosses of the earlier systems are succeeded by a semi- 
tropical vegetation in the carboniferous rocks ; and this, in 
turn, gives place to the trees and plants of temperate 
regions. 

It thus appears that during the countless ages that pre- 
ceded the appearance of man upon this globe, the earth 
must have undergone great and numberless changes in 
climate and external conditions. But all these changes 
seem to have resulted in adapting the earth for higher and 
higher forms of life successively, until at length it became 
a suitable abode for man. Whether there were successive 
creations of animals adapted to the altered conditions, or 
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whether the animals had the power to adapt themselves 
gradually to the changes that took place, and thus, in the 
lapse of ages, to pass into new species, we cannot tell. 
These are speculations in which scientific men may reason- 
ably indulge, but it is only conjecture after all. Whichever 
view we adopt, however, if we may judge from the slow 
progress of the changes which are now going on upon the 
earth's surface, the time required for the vast revolutions 
of the past is inconceivable. And just as when compared 
with the. numberless stars and systems which people the 
universe, the *earth appears but a small speck in space ; so 
when we consider the ages that must have passed since the 
earth first became the abode of organized beings, the com- 
paratively short period during which man has lived upon 
the globe appears as a mere speck in time. 

But geology is not merely interesting on account of the 
revelation which it affords of the past ; it is also intimately 
associated with the history of the present. The great 
charm of physical geography lies in the fact that it enables 
us, in some measure, to understand the operations of nature 
which are daily going on all around us, and to discover the 
laws by which these operations are governed. We see the 
intimate connexion which exists between the soil and 
climate of the globe, and the distribution of organic life. 
The climate, again, depends not only upon latitude, but 
also upon winds, oceanic currents, the distribution of land 
and water, and the nature of the surface. Now, geology 
enables us to go back still further in the chain of causation. 
It teaches us that the nature of the soil depends upon the 
character of the rocks which lie beneath. It explains why 
some districts are rugged and mountainous, while others 
are level and undulating. It shows the great changes that 
have taken place in the distribution of land in past ages, 
and the cause of those changes. It explains why^ome 
countries are rich in minerals while others are comparatively 
destitute ; it explains also the formation of the rocks them- 
selves and of the minerals embedded in them. It even 
throws light upon the present distribution of vegetable and 
animal li^. In short, it is scarcely too much to say that 
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physical geography is only half complete if it be not ex- 
plained and supplemented by the sister science. 

The various systems of rocks of which we have pre- 
viously spoken are all aqueous in their origin ; they have 
been formed by the agency of water. The mud which 
formed the various shales, slates, and flagstones, has been 
carried down by rivers and deposited in lakes and seas. 
The sandstones which are so numerous have been formed 
by long stretches of sand, such as we now see lining our 
shores. The limestones and beds of chalk have been built 
up in the deep ocean by myriads of coral and small shell- 
fish. The thick beds of coal speak of dense jungles at the 
mouths of rivers which have been submerged, and then 
covered with sand and mud. How then did all these 
rocks, formed as they have been at the bottoms of rivers, 
lakes, and seas, ever appear as dry land ? and how came 
they to form, as we often find them, the flanks of huge 
mountains and the summits of lofty table-lands ? 

All the forces which helped to form the aqueous rocks 
are degrading in character ; they all tend to wear down 
and level the surface of the globe. In opposition to these 
forces there has always existed a contrary upheaving force, 
and its results are stiU observable in the phenomena attend- 
ing earthquakes, volcanoes, and boiling springs. At present 
the intensity of volcanic action is confined to certain well- 
known tracts in different parts of the globe, but there is no 
part of the world where traces of earthquakes and volcanoes 
cannot be found. The basaltic pillars of Giant's Causeway 
and FingaFs Cave, the whinstone dykes so well known to 
miners in the north of England, are but the ancient lavas 
of volcanoes which once existed in full activity in the 
British Islands. And even at the present day, where these 
more violent manifestations of igneous activity are wanting, 
the effects of the upheaving force may be traced. There is 
scarcely any spot upon the globe where the land is perfectly 
stationary ; in some places it is gradually rising, in others 
gradually sinking. There is evidence to show that the 
whole east coast of Scotland has been raised twenty feet 
above Its former level since the time that the Romans in* 
habited this island. 
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Basalt and other remains of ancient volcanic outbursts 
are termed igneous rocks; thus we have two well-defined 
classes of rocks, differing in origin and character, the one 
formed by the agency of fire, the other by the agency of 
water. Besides these two main divisions there are two 
sub-classes which it may be convenient to remember; 
they have been termed respectively Metamorphic and 
Plutonic. 

Metamorphic Rocks, — A careful examination of the 
aqueous rocks shows that many of the most ancient forma- 
tions, and also some of the more recent ones, have under- 
gone a certain change or metamorphism, owing chiefly to 
exposure to great heat. The effect has been to harden and 
crystallize the strata, to obliterate all traces of fossils, and, 
in some instances, to destroy all remains of stratifica- 
tion. This is especially the case with some of the Lauren- 
tian, Cambrian, and Silurian formations ; and hence a few 
years ago the metamorphic rocks were considered as a 
separate system, and supposed to embrace the oldest of all 
strata. Recent investigation has proved, however, that 
metamorphism is confined to no particular period in the 
past. It is most common among the ancient systems, 
because they have been longer exposed to the changes 
that have taken place in the earth's crust. But metamor- 
phic rocks have been discovered in the Alps belonging to 
the tertiary period. The term, therefore, is now apph'ed 
to stratified rocks of any system that have undergone 
change owing to exposure to great heat. 

In aqueous rocks, therefore, we have two distinct 
classes : those in their natural state, and those that have 
undergone metamorphism. The igneous rocks may also 
be divided into two classes, volcanic and plutonic. Of the 
former we have already spoken, as being the remains of 
ancient lavas and other volcanic products. The plutonic 
rocks include all granites and certain porphyries. They 
seem to have been formed by the melting and cooling of 
rocks at great depths, under pressure either of water or of 
^>^l7er masses of rock ; and they differ from volcanic rocks 
//? the absence of pores or cellular cavities^ and seem 
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rarely, if ever, to have overflowed the neighbouring strata, 
as is often the case with basalt. 

We shall now give a brief sketch of the various systems 
of sedimentary rocks, beginning with the most ancient. 
Of course, as the science becomes every day better known, 
and as facts accumulate, geologists enter more and more 
into detail, and new systems are added to the old clas- 
sification. The systems given below are those generally 
recognised at the present day, and the reader who wishes 
to pursue his investigations still further, will have no 
difficulty in assigning its proper place to any new system 
which may be introduced. 

Lanrentian System. — This is the oldest system of 
stratified rocks, so far as is known at present. The 
strata are hard and crystalline, showing a great amount of 
metamorphism, and consist of gneiss and quartz, with in- 
terstratified limestone of great thickness. These rocks 
are largely developed in Canada, to the north of the river 
St Lawrence, and they are also met with in the Hebrides, 
and on the north-west coast of Scotland. The only fossil 
that has yet been detected is a very minute shell, which has 
been named the Eozoon Canadense, The limestone in 
which it was embedded was 1000 feet in thickness, and is 
supposed to have been entirely formed by those minute 
foraminifera, which appear to have grown one layer over 
another, and to have formed reefs just as the corsd polype 
is doing at the present day. 

Cambrian Sy8tem.~This system is largely developed in 
Wales ; hence its name. The rocks are chiefly sandstones, 
flagstones, and grits, and are eighteen or twenty thousand 
feet in thickness. The fossils are mostly of a marine 
character, including shell-fish and zoophytes. In some of 
the sandstones belonging to this system may be seen the 
ripple-marks left by Uie tide, and the distinct impression of 
rain-drops. The scenery in Cambrian districts is generally 
bold, rugged, and picturesque ; but the soil is often sterile 
and unproductive. 

SUnrian System. — The rocks belonging to this system 
are a)so largely developed m Wales, Tiaey w^ tsvrX 
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witli also in Cumberland, South Scotland, in the High- 
lands, and in different parts of Ireland. They consist of 
roofing-slate, flagstones, sandstones, limestones, and con- 
glomerates; which speak of rivers carrying down mud, of 
sandy shores, gravel beaches, and deep seas. The fossils 
are numerous, and include all the lower forms of marine 
life — zoophytes, radiata, muUuscs, and crustaceans ; and in 
the upper beds of the system was discovered in 1859 the 
oldest known remains of a fish with a backbone. It is said 
to have been allied to the sturgeon, and has been named the 
Pteraspis, In this system also we meet with traces of sea- 
weeds, and of land plants allied to the club-mosses. The 
rocks of the Silurian system are rich in ores of mercury, 
gold, and silver. The scenery is generally very beautiful, 
being varied with hill, dale, ravine, and glen. 

Devonian, or Old Red Sandstone. — ^This system is well 
developed in Devon, as well as on the borders of Wales, 
and in the central parts of Scotland. It consists chiefly of 
sandstone rocks alternating with shales, conglomerates, and 
limestones. The sandstones owe their reddish colour to the 
presence of iron in the water in which they were deposited. 
In this system we And the first distinct traces of land vege- 
tation ; these consist of the remains of plants allied to the 
bulrush, equisetums, and tree-ferns. The characteristic 
fossils of the system, however, are fishes of various forms, 
but all covered with hard enamelled scales or bony plates. 
The minerals are not of great importance, consisting chiefly 
of flagstones and building-stones. The scenery is often 
flat and tame, or gently undulating, showing that igneous 
action has not been so great as in the preceding- systems. 
The soil, however, is generally well adapted to agriculture. 
Carboniferous System. — This is one of the most im- 
portant of all the geological systems. Its rocks consist of 
sandstones, clays, shales, and limestones ; and along with 
these are thick beds of coal. These coal-measures speak 
of an extraordinary abundance of vegetation ; and in 
the coal-fields we find traces of gigantic pines, large 
tree-ferns, reeds, and club-mosses. These plants all ind^- 
cate a moist and equable climate, -whl^^V "was doubtless 



GEOLOGICAL SYSTEMS. 29 

owing, in a great measure, to a different an*angement of 
sea and land. Among the fossil animals may be traced 
the lower forms of previous systems, together with distinct 
traces of reptiles and insects. At Saarbruck were dis- 
covered, in 1854, among other remains, traces of a beetle, 
remains of white ants, and a distinct impression of the 
wing of a grasshopper. In this same neighbourhood also 
were discovered, seven years previously, the first skeletons 
of distinct air-breathing animals. They appear to have 
been animals resembling lizards, and have received the 
generic name of Archegosaurus. In the coal-fields of 
Nova Scotia the Dendrerpeton and other reptiles have 
been discovered of still more ancient date. 

Most of the valuable coal-fields in different parts of the 
world belong to the carboniferous system, and it is largely 
developed in Great Britain. In Ireland, also, the system 
is extensively found; but the coal-measures are almost 
entirely wanting. In North America the coal-fields are 
of vast extent ; that of Nova Scotia, including Cape Breton 
Island, covers an area of 37,000 square miles ; while the 
area of the Appalachian coal-field amounts to at least 
63,000 square miles. The coal-measures are sometimes of 
enormous thickness. In South Wales they attain the 
thickness of 12,000 feet; in Cape Breton, where a total 
thickness of 1843 feet only has been observed, there is clear 
evidence of at least fifty-nine fossil forests, ranged one above 
the other. 

Besides coal, several other valuable minerals belong to 
this system, among which may be mentioned ironstone, 
ochre, copperas, parafiin, fire-clay, good building-stones, 
limestone, and marble. The mountain limestone, is in 
England, the usual repository of the ores of lead, zinc, 
and silver. The scenery, with the exception of some lime- 
stone districts, is generally tame and unpicturesque ; and 
the soil is often cold, and only moderately fertile. 

Permian System.— The principal rocks belonging to 
this system are sandstones and yellowish magnesian lime- 
stones. The fossils are similar to those of the last system, 
but are \>y no means so abundant* It has Ven "\^om\fc\ 

c 
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out that all the fishes found in the magnesian limestone, 
and in older formations, are heterocercal — that is, the 
lobes of their tails are unequally divided, and the back- 
bone is prolonged in the upper lobe; while most of the 
fishes found in the more recent systems, and nearly all 
those which exist at the present day, are homocercal— thai 
is, the lobes are equal. The shark and sturgeon are hetero- 
cercs. The minerals found in this system consist of ex- 
cellent building- stone, limestone, gypsum, and copper. 
Tlie system is not largely developed in England, but it is 
found like a fringe round some of the principal coal-fields. 
It derives its name from Perm, a government in Russia, 
where the characteristic rocks abound. The scenery gene- 
rally is tame and flat, but the soil produces rich and ver- 
dant pastures. 

Triassic System. — The word triassic means triple, and 
the system is so called because it contains three well- 
marked divisions, Keuper, Muschelkalk, and Bunter. The 
second division, which consists of beds of grey limestone, 
is wanting in England. The Keuper consists of red, 
bluish, greenish, and whitish clays or marls, holding gyp- 
sum generally, and sometimes, as in Cheshire, rock-salt. 
Interstratified with these marls are certain grey and whitish 
sandstones. The Bunter Sandstein (variegated sandstone) 
consists chiefly, as the name implies, of variously-coloured 
sandstones. Fossils are much more numerous than in 
the Permian system, and occasionally, as at Richmond, in 
North America, the vegetation has been sufficiently abun- 
dant to produce coal. Among animals, we find distinct 
traces of reptiles, and some footprints found on the sand- 
stone rocks in the valley of Connecticut have been iden- 
tified as belonging to a gigantic bird, which was probably 
four times the size of an ostrich. In this system also we 
find the earliest remains of mammals. In 1847 the tooth 
of a small animal, which has been termed Microlestea 
(little wild beast) was discovered near Stuttgart, in Wur- 
temberg : it is supposed to have been a marsupial. The 
remains of a similar animal, named Dromaiherium (swift 
wj'Id beast), have been found in t\ie C\val\!i«k«i coal-field 
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(Nortli CaroUna), belonging to this system; and more 
recently still (1860), the jaws and detached teeth of a mam- 
mal have been found near Bristol. 

The triassic system is well developed in England, and 
runs in a broad belt irom the mouth of the Tees to the junc- 
tion of the Avon and Severn, and then northward so as 
to include the county of Cheshire and a large part of Lan- 
cashire. The characteristic mineral produced is rock-salt 
The formation of salt is probably due to evaporation, 
either of inland salt-lakes or of lagoons communicating 
with the ocean. An example of this process we have in 
the Bahr Assal, which once formed a prolongation of the 
Gulf of Tadjara, in the Red Sea. The scenery in general 
is rather tame, and the soil better suited for pasture than 
mixed husbandry. 

Oolitie System. — The word oolitic means egg-stone, and 
is applied to this system on account of the concretionary 
grains, resembling the roe or egg of a fish, which compose 
many of its limestones. The system is usually divided 
into two parts, the Lias and Oolite; and it consists of 
alternate bands of clay, sandstone, and limestone following 
each other in the same order. The distinctive fossils are 
those of huge reptiles belonging to the lizard family, and 
including the ichthyosaurus, plesiosaurus, and pterodactyle. 
The two former belong to the lias, the last-mentioned to 
the oolite. In this division also is found the oldest fossil 
bird that has been met with. The skeleton was found at 
Solenhofen in 1862, and, with the exception of its head, 
was almost entire, even retaining some of its feathers. It 
is now in the British Museum, and has been named by 
Professor Owen the ArchoRopteryx (ancient wing). There 
are also in this system abundant remains of marsupials. 
Fossil plants are also very abundant, including coniferae 
allied to the yew and cypress, and leaves belonging to 
plants resembling the lily, pine-apple, and aloe. At Brora, 
in Sutherlandshire, there is a coal-field belonging to this 
system; jet, a lustrous kind of coal, is also met with in 
Yorkshire. 

The ooYitJc system stretches in a broad belt {toxtv liXv^ 
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North York moors to Lyme Regis, in Dorset. It is not 
met with either in Scotland or Ireland to any extent, but is 
well developed in France, Germany, Switzerland, and in 
North America. The minerals are of considerable import- 
ance, including building, paving, and tile stones ; marble, 
alum, jet, and fuUer^s earth. The scenery in oolite districts 
is, upon the whole, varied and pleasing, and the soil dry and 
fertile. 

Cretaceous System. — ^This is so called on account of the 
thick beds of chalk [creta) which it contains: the other 
components are chiefly sands and clay. It is generally 
divided into two parts, the Upper Cretaceous and the Lower 
Cretaceous or Neocomian. The former comprises the 
Chalk, the Upper Green sand, and the Gault ; the latter, 
the Lower Greensand and the Wealden. All these divi- 
sions, except the wealden, are of marine formation. The 
wealden is estuarine; hence the fossils of the latter are 
quite distinct, and by some writers it is classed with the 
oolitic. It forms a broad tract in the counties of Surrey, 
Sussex, and Kent, and can be traced across the Straits of 
Dover into France. It doubtless formed at one time the 
estuary of a large river. 

Leaving out the wealden, we find that the fossils are 
chiefly of marine origin, comprising sponges, corals, fishes, 
and reptiles. Fossil plants are comparatively rare ; but in 
the neighbourhood of Aix-la-Chapelle there are certain 
white sands, about 400 feet in thickness, which undoubt- 
edly belong to the chalk, and yet contain the remains of 
terrestrial plants in remarkable preservation. Among these 
remains we meet with forms allied to the oak, walnut, fig, 
and myrtle. The predominant order, however, is the Prote- 
aceae, containing species allied to plants only now met with 
in Australia and (3ape Colony. 

The chalk formation extends in a broad belt from the 
north of Ireland to the Crimea, and from Sweden to Bor- 
deaux. All this broad tract must at one time have been 
occupied by a deep sea. In England the cretaceous 
system is found in the Weald, and in the various chalk 
ranges. The minerals are chiefly chalk and flint, and 
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occasionally fuller's earth and an inferior kind of build- 
ing-stone. The chalk downs afford excellent sheep pas- 
tare. 

Tertiary System. — ^We stated, in describing the Per- 
mian system, that the fishes belonging to it and to all 
previous formations, were heterocercal ; while the majority 
of fishes in more recent systems — ^like those of the present 
day — are homocercal. The Permian system is, therefore, 
generally looked upon as closing a period in the history of 
life in the past, and all the fossils in that and the previous 
systems are said to belong to the Palceozotc fold life) 
period. In like manner, the cretaceous system is looked 
upon as closing the Mesozoic (middle life) period; while 
the tertiary system introduces the Cainozoic (recent life) 
period. Again, so far as the systems themselves are con- 
cerned, they are sometimes grouped into three similar divi- 
sions: thus, Primary^ including all systems up to and 
including the Permian ; Secondary^ ending with the chalk ; 
and Tertiary. As the science advanced, and geologists 
became possessed of more details respecting the various 
systems, it was found necessary to subdivide the Primary 
and Secondary rocks into the systems already described. 
The word Tertiary, however, still retains its place as the 
name of a system ; but it has been subdivided into Eocene, 
Miocene, and Pliocene groups, according to the charac- 
teristic shells that are found. 

It is in the tertiary period that we first meet with shells 
identical^ so far as we can discover, with those existing at 
the present day. At first these shells are very scarce, but 
they grow more and more numerous, until, in pliocene 
strata, they actually outnumber the shells that have since 
become extinct. It is on these facts that the subdivisions 
have been made. The word eocene means " dawn of the 
recent," and in this group existing shells first appear; 
mioeenej meaning " less recent,'* implies that the number 
of existing species is less than that of the older forms; 
pliocene^ or " more recent," implies that the recent forms 
now predominate. Professor Ramsay states that not one 
eocene shell is now recognised as belonging to «ltv^ e^yA^V 
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ing species: the term, applied to the group, however, is a 
convenient one, and is still retained. 

In the tertiary system we meet with undoubted evi- 
dence of exogenous^ or deciduous, trees, such as the oak, 
elm, and beech ; while among animals we have species of 
every existing order except man. It is during this period 
also that we first meet with traces of that geographical 
distribution of animals which now exists. In the older 
systems, so far as has been ascertained, the fossils were 
almost identical, in whatever part of the world they were 
found. In the tertiaries, however, the fossils found in 
South America are allied to its present sloths, ant-eaters, 
and armadilloes ; while in Australia we meet with fossils 
akin to the marsupial family. Europe was at this time 
inhabited by gigantic pachyderms, including elephants and 
rhinoceroses; and abundant traces of these have been 
found in the British Islands. It would appear, indeed, 
that during the eocene period, Central Europe enjoyed 
an almost tropical climate, but that by degrees the tem- 
perature was gradually lowered, until, at the close of the 
tertiaries, the glacial period commenced. These changes, 
as we have before remarked, may have been due, in some 
measure, to astronomical causes, but were, no doubt, mainly 
owing to changes in the distribution of land and water. 

The tertiary deposits generally exhibit an irregular suc- 
cession of clays, limestones, marls, sands, and grits ; and, 
so far at least as Europe is concerned, the deposits occupy 
well-defined tracts or basins ; and hence we speak of the 
"London Basin," the "Hampshire Basin," the "Paris 
Basin," and the "Vienna Basin." The industrial pro- 
ducts of the system are building- stone and marbles of 
various qualities; pipe and potter's clays; and gypsum. 
Lignite, or brown coal, is also worked in many districts ; 
and amber, a fossil gum, is also obtained from the lignite 
beds. The scenery in England is generally rather tame, 
but on the Continent the tertiary districts are often varied 
and picturesque. The soil is generally fertile. 

Glacial Period. — The close of the tertiary period was 
accompanied with intenae cold. TVie to][|a of the moun- 
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tains in Wales, Cumberland, and the Highlands of Scot- 
land, as well as the mountains of Northern Europe and 
North America, were covered with glaciers. Traces of 
these glaciers can yet be distinctly seen in the moun- 
tain valleys of Cumberland and Wales. After a time the 
whole of Northern Europe and part of North America 
seem to have been gradually submerged. The glaciers, 
now reaching the level of the sea, broke off and formed 
immense icebergs, which floated southward and spread 
their drift and boulders over the submerged plains. Traces 
of these icebergs are discernible throughout Northern 
Europe, and may be recognised in England as far south 
as the valley of the Thames. After a time — how long it 
is impossible to say — ^the land slowly emerged from the 
sea ; the temperature gradually grew milder ; the glaciers 
diminished in size, and in many places totally disap- 
peared ; and the distribution of land took its present form. 
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CHAPTER III. 
Distribution of Land — Islands. 

We have traced very briefly the changes that took place 
in organic life previous to the appearance of man upon the 
globe. During the whole of the vast periods made known 
to us by geology, the earth was being prepared for man's 
abode. It was during these ages that those large stores of 
coal, salt, building-stone, chalk, and marble were laid up 
for his future use ; and that the various metals were sepa- 
rated from the matter in which they had previously ex- 
isted in unrecognisable form, and elaborated into veins, or 
segregated into ores. And when his abode was thus fur- 
nished, and the climate and other external conditions were 
adapted to his use and proper development, then man was 
created. 

But the causes which produced the vast changes in the 
past are still at work : it is the comparatively short period 
during which man has been upon the earth which makes 
the effects produced appear insignificant. Rivers still pour 
down their floods of turbid water, and deposit mud, sand, 
and gravel along their beds, and at their mouths. The sea 
still wears away the cliffs on some parts of our shores, 
while the land gains on the sea in others. There is a 
ceaseless activity in all parts of the natural world. Change 
and decay, renewal and growth, are everywhere visible. 
The effects produced by this ceaseless change, though 
small if viewed within the limits of our own experience, 
are important when they accumulate through long cen- 
turies; and hence geologists have taken cognisance of 
them, and include under the word Post-tertiary all the 
changes that have taken place upon t\ie e«i.i\\i «mvc^ the 
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glacial period. Under the term we may include all such 
accumulations as peat-mosses, coral-reefs, sand-banks, and 
gravel-beds ; we may also include the work done by rivers 
in scooping out valleys and forming deltas, the action of 
the sea upon our coasts, and the effects of igneous agency, 
whether in its more violent manifestations, as in volcanoes 
and earthquakes, or in its slow and gradual effects in 
changing the elevation of the land. AU these agencies, 
if at work through periods comparable with geologic ages, 
would doubtless produce results as great as those we have 
traced in the past, though they have not materially changed 
the general aspect of the globe since man appeared upon 
it. Now as it appears that, long previous to his creation, 
the earth was in a state of preparation for him, we may 
be sure that the present distribution of the continents is 
just such as is most suitable for making it man's abode. 
We may not be able in all cases to discover this peculiar 
fitness of things, but certain facts we may notice. 

If we take a glance at a map of the world, or examine 
an artificial globe, we are at once struck with the prepon- 
derance of water upon the earth's surface. Out of a total area 
of nearly two hundred million square miles, fifty-two millions, 
or about one-fourth only, is occupied by land. Of this 
land, again, three-fourths lie to the north of the equator. 
This is in jtself a curious fact, but it is not all. Almost 
the whole of the land is really grouped on one side of the 
globe, so that not more than one twenty-seventh part has 
land opposed to it on the opposite side. If in an artificial 
globe we take Falmouth as a centre, we find that it is the 
pole of a hemisphere which contains forty-nine millions 
out of the fifty-two million square miles of land. Falmouth 
may, therefore, be taken as the centre of the terrestrial 
hemisphere of the globe ; and a point in New Zealand is 
the centre of the aqueous hemisphere. 

Various theories have been propounded from time to 
time in order to explain this preponderance of land in one 
hemisphere; and if this had been a constant fact in the 
history of the globe, some explanation might fairly have 
heen looked for. But we have seon that l\i^ "5i^^"oX ^\v 
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tribution of land and water is, if we may so term it, merely 
accidental. It is doubtless the most suitable in the pre- 
sent period of the earth's history, but it has not always 
been the same. In the vast changes which produced the 
geological systems, the distribution of land has altered 
over and over again. It is probable that at no previous 
period was it ever identically the same as now, and in 
succeeding ages it may possibly be again changed. It is 
easy to conceive that when land is raised above the sea, it 
will probably be of less density than when pressed down 
by a weight of superincumbent water. By the very act of 
upheaval it would be torn with fissures and rendered 
cavernous; and, consequently, there is no need to have 
recourse to theories which suppose that the centre of gra- 
vity does not coincide with the centre of the earth's mass, 
or that the rocks which form the bed of the ocean are 
rendered more heavy by the presence of numerous metallic 
veins. 

Forms of Continents. — If we now consider the forms of 
the great land-masses, we are struck with the fact that they 
are all more or less triangidar in shape ; and if we descend 
to details, we see the same idea carried out in the penin- 
sulas which fringe the borders of the northern continents. 
Another curious fact is, that most of the peninsulas, in 
whatever part of the world we meet with tiiem, point to 
the south. The great land-masses may be grouped into 
two sets of three each : the northern continents, embrac- 
ing Asia, Europe, and North America; and the southern 
continents, embracing South America, Australia, and Africa. 
Looking merely at the outline of these continents, we find 
the northern continents differing from the southern masses 
in two or three important particulars. The northern conti- 
nents are all much indented ; each terminates in the south 
in three projections ; and each has an archipelago of islands 
attached to it In Asia we have the three peninsulas of 
Further India, Hindostan, and Arabia, with the East 
India Archipelago. In Europe we have the peninsulas 
of Greece, Italy, and Spain, with the Grecian Archi- 
pelago, in North America we have the ^jeulnsula of 
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Califomia, the isthmus of Panama, and the peninsula of 
Florida^ with the West India Islands. 

Coast-Lilies. — A deeply indented coast-line has a material 
effect upon the geography of a country or continent. The 
climate is brought under the influence of the surrounding 
body of water, and is thus rendered moist and equable. 
There are facilities for harbours and seaports, and thus 
commercial activity is developed ; while, on a large scale, 
deep indentations in a coast, by causing corresponding 
peninsulas and projections, tend to individualize the geo- 
graphy of a continent ; to break up its monotony, to pro- 
mote the establishment of separate nationalities, and thus 
to cause emulation in arts, to encourage exchange, and to 
advance civilization. Viewing the suJb^'ect in this light, it 
is important to notice the comparative length of coast in 
individual continents. In Asia there is one mile of coast 
to 528 square miles of surface ; in Europe there is one mile 
to 187 square miles ; in North America, the average is one 
mile of coast to 266 square miles of area. In the southern 
continents the length of coast is comparatively smaller. 
In South America, it is one mile to 440 square miles ; in 
Africa, one mile to 738 square miles of surface ; in Aus- 
tralia, one mile to 340 square miles of country. 

The southern continents, therefore, as a whole, are re- 
markable for their compact outlines, and for the absence of 
numerous indentations. They differ from the northern 
continents also in the fact that they terminate towards 
the south in one point, instead of three; and that each 
has a large island near its southern extremity. Thus, 
Tierra del Fuego lies at the extremity of South America ; 
Madagascar, near the southern point of Africa; and Van 
Diemen's Land, at the southern extremity of Australia. It 
has also been remarked that each of the southern continents 
is distinguished by having a large bulge or deep bend in 
its western side: it is sufficient to mention the Gulf of 
Guinea, the Australian Bight, and the large bend on the 
west side of South America. 

SurfEU^ of Continents. — K we now turn our attention 
to the elevation or contour of the conimeul^) "^^ ^^ 
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also find one or two points of interest. The six conti- 
tents seem to be constructed on three different plans. In 
Europe and Asia, the chief mountain-ranges run east and 
west; in the two Americas, north and south; while in 
Africa and Australia, the mountain- chains lie round the 
coast, leaving a basin-like depression in the interior. It is 
interesting to notice that the whole three types of structure 
are met with in the British Islands. In Scotland, the 
Grampians and Lowthers run east and west ; in England, 
the chief ranges have a north and south direction ; in Ire- 
land, the mountains lie round the coast. 

Turning now to the four continents first mentioned, we 
find that they all rise gradually from the shores of the sea 
towards the interior, to some line of highest elevation. 
This line of elevation is never in the centre, but nearer 
to one side of the continent than the other. In Asfa, the 
culminating line is the Himalayas ; in Europe, the Alps ; 
in America, the Andes and Rocky Mountains. Hence 
result two slopes, unequal in length and inclination. In 
Europe and Asia the long slope is towards the north, and 
the short slope to the south ; in America, the long slope is 
to the east, and the short slope to the west. Another fact 
worthy of notice is, that the general elevation of the sur- 
face goes on increasing, both in the Old and New Worlds, 
from the poles to the equator. Thus, the plateaux of Thibet 
and Pamir, enclosed by the Himalayas, are the loftiest in 
the Old World ; while the plateaux of Cuzco, Titicaca, and 
Pasco, which lie within the tropics between parallel ranges 
of the Andes, are the highest table-lands in the western 
hemisphere. The culminating point in the Old World is 
Mount Everest, in the parallel of 27°; the culminating 
point in the New World is the summit of Aconcagua, in 
the parallel of 32° south. This disposition of the loftiest 
mountains and plateaux in the neighbourhood of the tropics 
has considerable effect upon the general climate of the globe, 
and tends to increase the amount of habitable land. 

Islands. — Besides the various continental masses which 

group themselves mainly in the northern hemisphere, there 

are numerous Mauds, existing singly or m ^ifo\i\vs, which 
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should be noticed in considering the distribution of land. 
Islands are usually divided into two classes: Continental^ 
and Pelagic or Oceanic. The former, like the British 
Islands, Greenland, Madagascar, and Van Diemen's Land, 
lie close to the shores of some continent, and are separated 
from it onlj by shallow water. In such cases, the islands 
probably formed some part of the continent at an earlier 
period. Pelagic islands are such as are met with in mid- 
ocean, and have no apparent connexion with existing con- 
tinents. The West India Islands, the Arctic Archipelago, 
the Indian Archipelago, as well as the islands which fringe 
the east coast of Asia, may be looked upon as continental 
islands ; but it is doubtful whether we ought to apply this 
term to the islands which extend from New Guinea to New 
Zealand. On the other hand, the various groups of the 
South Pacific are undoubtedly oceanic or pelagic. 

Arctic Lands. — Considerable interest attaches to the 
Arctic Archipelago, owing to the various attempts which 
have been made to discover a north-west passage, and 
the more recent efforts to reach the north pole. The 
honour of having discovered the north-west passage may 
be shared between Sir Edward Parry and Captain M^Clure. 
The former, in 1819, pushing through Lancaster Sound 
and Barrow Strait, succeeded in reaching the northern 
shore of Banks Land ; and, thirty years later. Captain 
M'Clure, in his voyage from Behring Strait, succeeded 
in reaching the southern shore of the same island. Sir 
John Franklin may also be said to have discovered 
another passage, though his vessels were not able to 
make their way through the thick masses of ice which 
pour down M*Clintock Channel. Baffin's Bay, which 
separates Greenland from the Arctic Archipelago, is con- 
tinued northward by Smith Sound, Kennedy Channel, and 
Robeson Channel. Sir George Nares, in 1875, succeeded 
in navigating the Akrt to the northern extremity of 
Robeson Channel. Here the land on the American side 
stretched away, first to the north-west and then to the 
south- west, for a considerable distance ; and in this stretch 
of coast Btanda Cape Colomhh (lat. 83"* T iiOt\Ki \Xi^mo«.t 



42 PHYSICAL GEOGRAPHY. 

northerly point of land at present known. The coast of 
Greenland attains almost as high a latitude. The extreme 
limit northward of the sledging parties belonging to this 
expedition was lat. 83° 20' 26''. 

The large extent of country called Greenland is pro- 
bably an assemblage of islands. It stretches from 
Cape Farewell to about the 83d parallel north — the most 
northerly point at present known being Cape Britannia— 
and the entire area is estimated at 800,000 square miles. 
The country consists of a vast table-land, bounded by 
steep mountains, rising in sharp peaks and pyramids. 
The whole surface of the table-land is one field of ice, 
from which proceed those immense glaciers which supply 
almost all the icebergs which are met with in the 
Arctic seas. The coasts are skirted with rocky islets, 
and indented with deep fiords, some of which pene- 
trate, in a winding course, for about 100 miles into the 
interior. These inlets are bounded by walls of rock, 
sometimes 2000 feet in height, and generally terminate 
in glaciers. A great fiord, in the 68th parallel of latitude, 
is supposed to extend completely across the. country, 
dividing it into South and North Greenland. Dr Kane 
reached what he considered to be the northern termination 
of the west coast, in lat. 82° 22', but how far the eastern 
coast extends is not known. South of the island of Disco, 
Danish colonists and missionaries have formed settlements 
on the islands, and at the mouths of the fiords ; and here 
there are narrow strips of meadow land and a few stunted 
trees, such as willow, beech, and juniper, with a flora peculiar 
to the country. The Esquimaux inhabit the west coast as 
far north as it has yet been traced, subsisting on fish, water- 
fowl, and the larger kind of game which is sometimes met 
with even in those inhospitable regions. 

Antarctic Beg^ons. — Very little is known of the lands in 
the Antarctic Ocean. Sir James Ross, who commanded the 
expedition sent out by the British Government in 1839 to 
ascertain the position of the south magnetic pole, discovered 
Victoria Land, which, from its extent, seems to form part 
of a continent The northern coast of iMa land forms 
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perpendicular ice cliffs, from 200 to 500 feet in height, 
and stretching for miles to the east and west. In the 
parallel of 77°, Mount Erebus was discovered, enveloped 
in ice and snow from its base to its summit, from wluch 
arose a dense column of black smoke. Its height above 
the sea is 12,367 feet; and Mount Terror j an extinct 
volcano near it, reaches the altitude of 10,889 feet. All 
the land within the antarctic circle, so far as is at present 
known, is volcanic, and totally void of vegetation of any 
kind whatever. 

Coral Islands. — ^Most of the pelagic islands within the 
tropics are either volcanic or coralline. The reef-building 
coral is very like a bush or plant. It grows up from the 
bottom of i^e sea, and spreads out branches. At the end 
of each branch there is the appearance of ^ flower. This 
is the month, which is surrounded'by a hair-like fringe, by 
means of which the polype collects its food. The solid 
part of the coral is the skeleton, outside of which is a jelly- 
like skin, which is the soft part of the animal. When the 
coral dies, the skin decays and drops off, while the skeleton 
remains. In coral districts, thousands are at work on one 
spot, and when any die others take their places. Thus, in 
time, a large reef is built up, the interstices between the 
branches of coral being filled up with sand, shells, and 
fragments of coral broken off by the force of the waves. 
The corals go on building until the reef reaches the surface 
of the water. Gradually, a thin soil is formed by the action 
of the waves ; a seed is dropped by some passing bird, or a 
cocoa-nut comes floating on the sea, and vegetation springs 
up ; thus, gradually, the reef is formed into an island. 

Coral formations are of four kinds : — 

1. The Fringing reef, where the reef is near the shore. 
• 2. The Barrier reef, which is some distance from the 
shore, but only partially surrounds an island. 

3. The Encircling reef, a ring of coral with an island 
in the centre. 

4. An Atoll, a ring of coral with a lagoon in the 
centre. 

Frm^n^ reefs are common in the Atlantic^ Indidi^ wvd. 
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Pacific Oceans, and examples may be seen in the West 
Indies, and on the east coast of Madagascar. The finest 
example of a Barrier reefis off the north-east coast of Aus- 
tralia. It extends for a length of about 1000 miles, with 
a breadth varying from 200 yards to a mile, and at an 
average distance of from 20 to 30 miles from the shore, 
increasing in some places to 60 and even 70 miles. The 
depth of the water between the barrier and the shore is 
from ten to fifty fathoms, and is navigable throughout; 
and there are transverse openings in the reef through which 
ships can enter. This reef does not rise to the surface of 
the water, but its presence is marked by a tremendous 
surf. The long ocean swell, impeded by the barrier, lifts 
itself up in one continuous ridge of deep blue water, and, 
curling over, falls on the reef in a dazzling cataract of 
white foam, accompanied by an unbroken roar of deep 
thunder. This great reef is really 1200 miles long, for it 
stretches across Torres Strait, but is interrupted off the 
southern coast of New Guinea by the muddy water, which 
destroys the corals. There are also extensive barrier reefs 
on the coast of New Caledonia, which marks the eastern 
limit of what is known as the Coralline Sea. 

Encircling reefs generally form a ring round mountainous 
islands, at a distance of two or three miles from the shore, 
rising on the outside from a great depth, and separated 
from the land by a channel two or three hundred feet deep. 
We have a fine example in Tahiti, the largest of the 
Society group. The central island rises in mountains 7000 
or 8000 feet in height, with only a narrow plain along the 
shore. The channel which surrounds it is thirty fathoms 
deep, and varies in breadth from half a mile to three miles. 

Atolls are numerous in the Pacific Ocean. In Dangerous 
Archipelago, which lies to the east of the Society Islands, 
they are eighty in number ; generally of a circular form, 
enclosing deep lagoons, and separated from each other by 
very deep channels. The reefs are about half a rhile 
across, and seldom rise more than ten feet above the edge 
of the surf. Several of these islands are inhabited. The 
Caroline Archipelago^ lying to the north of the equator, 
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covers with its sixty groups of atolls an area of 1000 square 
mQes. In the Indian Ocean, atolls are less numerous, but 
in the Maldive and Laccadive Islands we have interesting 
examples. The Maldive Archipelago is 470 miles long 
and about 50 broad, and the atolls are ranged in a double 
row, separated by channels of at least 200 fathoms in 
depth. The largest atolls are from 40 to 90 miles in their 
longest diameter, and they enclose lagoons from 15 to 49 
fathoms deep. " The singularity in the form of the atolls 
of this archipelago consists in their being made up, not of 
one continuous circular reef, but of a ring of small coral 
islets, sometimes more than a hundred in number, each of 
which is a miniature atoll in itself; in other words, a ring- 
shaped strip of coral surrounding a lagoon of salt water.'' 
(Lyell, Principles of Oeology,) 

In almost every instance, an atoll contains an opening 
on the leeward side, through which vessels may enter and 
find shelter. This fact, coupled with the circular form of 
these islands, at first led to the belief that those coral for- 
mations were built upon the craters of submarine vol- 
canoes ; but this theory would plainly not account for the 
formation of fringing and encircling reefs, or of such a vast 
stracture as the great barrier reef of Australia. The theory, 
therefore, proposed by Mr Darwin is now generally ac- 
cepted. Having noticed that the coral reefs extend often 
to unknown depths, and knowing that reef-building corals 
rarely live at a depth exceeding 20 fathoms, he was irre- 
sistibly led to the conclusion that a great part of the bed of 
the South Pacific must be gradually subsiding. This fact 
seemed to him to explain at once the various coral forma- 
tions. In the first place, the coral would commence to 
build near the border of some island, and would thus form 
a fringing reef. If tbe island remained stationary, the reef 
might increase in breadth, but would still remain a fringing 
reef. If, however, the island were gradually to subside, 
and the whole colony of zoophytes still to keep at work, 
there would gradually be a clear channel of water between 
the reef and the land, and we should have an example of 
an encircling reef. If the process still contmw^S^ \^^'^ 
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central island would in time disappear, and an atoll would 
be formed. 

It is found that the corals are most vigorous and active 
on the windward side of the atoll, where the surf is 
constantly beating. " The breakers,'' says Mr Darwin, 
" exceed in violence those of temperate regions, and it is 
impossible to behold them without feeling a conviction 
that rocks of granite or quartz would ultimately yield and 
be demolished by such irresistible forces. Yet these low, 
insignificant coral islets stand and are victorious, for here 
another power, as antagonist to the former, takes part in 
the contest. The organic forces separate the atoms of 
carbonate of lime one by one from the foaming breakers, 
and unite them into a symmetiical structure : myriads of 
architects are at work night and day, month after month, 
and we see their soft and gelatinous bodies, through the 
agency of the vital laws, conquering the great mechanical 
power of the waves of an ocean, which neither the art of 
man, nor the inanimate works of nature, could successfully 
resist." (Darwin's Journal,) 

The reef-building coral cannot thrive except in clear salt 
water ; hence in those islands of the Pacific which are large 
enough to feed small rivers there is generally an opening 
in the surrounding reef at the point where the stream of 
fresh water enters the sea. When, therefore, the reef has 
risen a few feet above low- water mark, the waters will 
collect in the lagoon at high tide, and when the sea falls 
rush out at one or more points where the reef happens to 
be lowest or weakest. The weakest part of the reef, we 
have said, is on the lee side, hence in most cases that will 
be the principal channel for the influx and reflux of the 
tide. The other channels will gradually be filled up by 
coral growth, especially after an atoll has been formed, and 
there is no longer any fresh or muddy water from the 
interior, while the principal channel will be kept open by 
the scouring force of the sea. 

It follows from Mr Darwin's theory, that where atolls or 

encircling reefs are found, the land must be slowly subsid- 

iP£^; but that where fringing reefs ate met witb^the bed of 
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the ocean must be either rising or stationary. In the 
Atlantic, the fringing reef is the only formation found ; in 
the Indian Ocean, all four kinds are met with ; while in 
the Pacific, fringing reefs seldom occur, while atolls are 
numerous. 

Areas of Depression. — It would appear, indeed, that 
the whole bottom of the Pacific, extending from Marshall 
Islands to Low Archipelago, a distance of 4500 miles, 
is gradually subsiding. It is supposed that this part of 
the Pacific was at one time occupied by a large continent, 
and that the summits of the submerged mountains formed 
the centres of the atolls and encircling reefs with which 
this part of the ocean is now studded. A similar area of 
subsidence is met with in the Coralline Sea off the east 
coast of Australia ; and it has been thought by some that 
the chain of islands stretching from New Zealand to New 
Guinea once formed the eastern boundary of the Australian 
continent. Extensive areas of subsidence are also met 
with in the Chinese Sea and in the Indian Ocean. The 
coast of Europe from the mouth of the Seine to the mouth 
of the Vistula, as also the southern extremity of Sweden, 
seems to be sinking. This also appears to be the case with 
a large tract of land on the south-west shore of Greenland. 

Areas of Elevation. — On the other hand, in many parts 
of the world the land is gradually rising. We have already 
referred to the east coast of Scotland. Since the commence- 
ment of the present century the shores of the Baltic have 
been gradually elevated from eighteen to twenty inches 
above their former level ; and a similar uprising is taking 
place in Siberia, at Spitzbergen, and in the Arctic islands 
of North America. There are also tracts on the coast of 
Asia Minor, on the northern and eastern shores of Africa, 
on the east coast of Asia, and the northern shore of the 
Gulf of Mexico, where elevation is taking place ; to which 
We may add the whole west coast of South America. 
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CHAPTER IV. 

Earthquakes. 

We have seen at the conclusion of the last chapter that 
there are in different parts of the earth regions of elevation 
and subsidence ; and we know that this alternate rising and 
sinking of the solid crust of the earth has gone on through 
all geologic ages, and indeed that it is owing to such 
changes of level that we owe our present distribution 
of land and water. The more striking phenomena con- 
nected with earthquakes and volcanoes are due to the same 
causes which produce the slow and almost imperceptible 
changes in the level of the land. They are all due to an 
igneous force which exists at some depth in the interior of 
the earth. Whether there is only one central seat of fire to 
which all the phenomena displayed in different parts of the 
earth are referable, or whether there be several inde- 
pendent sources of internal heat, is a point on which 
geologists are not agreed. Before, however, we discuss 
this question, it will be well to consider in some detail the 
action of earthquakes and volcanoes, the phenomena which 
attend them, the effects produced, their geographical distri- 
bution, and the times at which they occur, if any approach 
to regularity in their occurrence can be traced. 

Earthquakes in 1868. — A few years ago a series of very 
violent earthquakes took place on the west coast of South 
America. The first shock is said to have been felt at 
Arica, a town on the coast of Peru. On the 13th August 
1868, the sea, it is said, presented a very dull appearance, 
the air was unusually heavy, and the gulls and other sea- 
fowl, after circling aloft with loud screams, at length quitted 
the bay. About a quarter to ftve m l\vft «k^\Atwooii a 
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tremeiidoas shock was felt. The houses were thrown 
down, the earth opened in fissures two or three inches in 
width, and belched forth dust which darkened the air. 
The sea at first seemed to retire, and all the vessels in the 
hay were carried out to sea, anchors and chains snapping 
like packthread. In a few minutes, however, the outward 
current was stopped by a huge wave, about fifty feet high, 
which came in with a mighty rush, carrying all before it. 
The quay and mole were crowded with the terror-stricken 
inhabitants, and before they could escape, two hundred 
were swept away. Several vessels were wrecked ; but an 
American gunboat, the Watereey was lifted up by an im- 
mense billow and carried half a mile inland. There she 
was landed among the sandhills, perfectly upright, without 
a scratch, and not a man lost. 

Iquique lies some distance south of Arica, and here a 
low rumbling noise, accompanied by a slight trembling 
of the earth, was heard a few minutes after five. The 
natives at once took the alarm, and but few lives were 
lost. Here also the sea seemed at first to recede, and then 
a great wave was seen coming from the south-west : it 
was described as ^' a dark blue mass of water, forty feet 
in height, without crest or foam, rolling steadily at the 
rate of fourteen miles an hour." At Cobija, the chief port 
in Bolivia, a slight shock was felt at twenty minutes past 
five, and the sea rose and fell irregularly without doing 
much damage. At Copiapo, still farther south, some 
houses were shaken, and an English barque was driven on 
the coast and wrecked. Slight shocks were also expe- 
rienced at Valparaiso, and, indeed, the efiects of the earth- 
quake could be traced to the Straits of Magellan. 

Eetuming now to Arica, and tracing the progress of the 
earthquake northwards, we find that its first symptoms 
were noticed at Tacna, about five o'clock. An eye- 
witness states that he had gone out to walk before dinner ; 
that suddenly he felt faint and giddy, and the ground 
appeared to move under his feet. He then became aware 
of a dull booming sound that seemed to be issuing from 
the entire surface of the phin between the AnAie^ QxA ^^ 
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sea. The ground began to shake rapidly and violently 
from side to side, so that he felt it very difficult to keep on 
his feet ; and he distinctly saw the whole broad plain 
rising and falling in rapid pulsations. The violence of the 
earthquake lasted about five minutes, but during the whole 
night there were shocks of greater or less intensity, and 
even for sixteen days afterwards they were occasionally 
felt. 

At Arequipa, the first shock commenced about twenty 
minutes past five, and lasted six or seven minutes. The 
earthquake began with an undulatory movement, and as 
the shock increased, no one could keep his feet ; and the 
houses, after swaying from side to side, fell in ruins. All 
persons in the prisons and hospitals perished. As at Arica, 
the ground opened in many places, and some of the frac- 
tures were immediately filled with water. At Callao, the 
port of Lima, three terrible shocks were felt, and the 
following graphic description is from the pen of an eye- 
witness : — "For full five minutes the heavy rolling, rum- 
bling shock continued, rocking the furniture and even the 
houses themselves, with such violence, that persons could 
hardly keep their feet, and an instantaneous rush was made 
for the street. Here the sight beggared description. All 
the affirighted people kneeling and praying in the open 
street, crossing themselves, and falling in deep swoons full 
length on the pavement ; women kneeling with both arms 
upraised, screaming and crying ; the great bell of Santa 
Rosa Church tolling and tolling, while the terrified people 
fled in crowds within the sacred enclosure, and the great 
steeple swayed and rocked as if every moment it would 
fail upon and crush the affrighted masses. As far as the 
eye could see down the long narrow street, the very street 
rose and fell in long, billowy undulations, while out in the 
bay the ships tossed up and down under the violence of 
the tremendous internal jar." 

But not only was this earthquake, or rather series of 

earthquakes, felt along the coast for a distance of nearly 

three thousand miles ; its activity extended to the very 

smnmits of the A/ides. Several tOYfns m tW T\^\^\io\w:- 
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hood of Quito were destroyed, and Pasco, which stands at 
an elevation of more than thirteen thousand feet, also 
suffered severely. But the ocean was disturbed over a 
much larger area, and the waves produced by these violent 
convulsions were felt at California, the Sandwich Islands, 
and at New Zealand and Japan. 

Cause of Earthquakes. — It is generally admitted that 
an earthquake is the result of some violent and sudden 
explosion. This explosion is very probably caused by 
steam. Water, we know, finds its way to great depths ; 
for it sometimes rises again in the form of boiling springs. 
Now if, through the cracks and crevices which abound in 
the crust of the earth, or by percolating through the rocks 
themselves, it found its way into the neighbourhood of 
internal fire, it would be at once converted into steam ; 
and steam, when exposed to great heat, becomes as explo- 
sive as gunpowder. An explosion, or series of explosions, 
is the inevitable result, and the effect of the concussion is 
spread all round in a series of earth-waves. The force 
generated by the explosion does not operate, however, in 
a horizontal direction, like a wave caused by a pebble on 
the surface of a pond ; for at every point of the surface, 
except that immediately above the focus of the shock, it 
comes up obliquely from below. When an explosion 
takes place, the earthquake-wave is propagated in all 
directions from the centre of disturbance in a series of 
spherical shells, and of course the movement will be first 
felt on the surface, at a point perpendicular to the focus. 
This point, which is of course that part of the surface 
nearest to the seat of the original impulse, is called the 
seismic vertical. The vibration will reach other points of 
the surface a few seconds later, according to their distance 
from the focus. The points on the surface reached simul- 
taneously by the earthquake- waves would of course form 
a series of concentric cu'cles ; these are called coseismal 
drclesj and the individual points coseismic points, A sec- 
tion of the spherical shells — ^perpendicular to the surface — 
would also, it is evident, give us a series of coseismal 
circles. 
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Mr Mallet, who has devoted great attention to the study 
of earthquakes, endeavoured to determine the depth of the 
focus of an earthquake which took place in the neighbour- 
hood of Naples in 1857. By a careful examination of the 
disturbed surface he first sought to find the seismic vertical, 
and that point being found, his next step was to ascertain 
the angle at which the wave emerged at di£ferent points on 
the surface. The point where the oblique lines met the 
perpendicular drawn from the seismic vertical would give 
the focus ; and the conclusion Mr Mallet arrived at was 
that the focus was not at a greater depth than seven or 
eight miles. Of course the first difficulty in making such 
a calculation is this — ^the crust of the earth is not homo- 
geneous. It is composed of a great variety of rocks diflfer- 
ing in density and elasticity, and the waves therefore prop- 
agated by the explosion would in some cases be checked 
and reflected, and neither the direction nor velocity would 
be uniform. At best, therefore, Mr Mallet's calculation 
could be only an approximation ; still it is a very valuable 
one, and no doubt comes very near the truth. His opinion 
is, that in no case do the shocks which produce earthquakes 
take place at a depth exceeding thirty geographical miles. 

Though the seismic force — as the cause producing the 
earthquake is termed — acts in the way we have described, 
still, to the inhabitants living in any place visited by an 
earthquake, the earth-waves would appear to spread out 
horizontally from the place where the shock was most 
intense, in a horizontal manner ; and the undulations thus 
produced would diminish in size as they receded from the 
seat of the explosion. Earthquakes are sometimes classified 
as perpendicular, undulatory, and horizontal. The first, of 
the nature of a sudden upheaval, takes place at or near the 
centre of the disturbed area — ^in other words, near the seis- 
mic vertical ; the second is a mere upheaval caused by the 
earth-wave, and is less intense the farther it is removed 
from the seat of the explosion ; the third form of earth- 
quake is exceptional in character. It consists of a horizon- 
tal motion forwards and back again, producing an e£fect 
similar to what would be caused by a verticose or whirling 
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motion. These horizontal movements are very destruc- 
tive. 

K the explosion which produces the earthquake takes 
place beneath the bed of the ocean, the earth-wave, travel- 
ling quicker than the ocean- wave, reaches land first, and 
hence the sea seems to retire. Shortly afterwards the 
ocean-wave rushes in and often causes immense destruc- 
tion. This was the case in the terrible earthquake of 
Lisbon in 1755. The sea rose about fifty feet above its 
ordinary level, and a huge wave washed away thousands 
of the panic-stricken inhabitants. Both the earth- wave 
and the water-wave arc liable to be broken and deflected 
by obstacles with which they come in contact ; for some 
portions of the earth's crust are better mediums for trans- 
mitting the undulations than others. Hence probably 
arise those horizontal movements to which reference has 
just been made. 

Periodicity of Earthquakes, — From observations care- 
fully tabulated, it has been ascertained that there is a certain 
periodicity in the recurrence of earthquakes. It has been 
noticed that they are more frequent at new and full moon 
than at the quarters ; and in winter than in summer. It 
has also been remarked that for many centuries back there 
have been two chief periods of earthquake intensity, one 
occurring about the middle of the century, and one towards 
the end. In the last century were the great earthquakes 
of Lisbon and Calabria. 

Lisbon. — ^The earthquake at Lisbon began on 1st Novem- 
ber 1755 without the least warning. A sound like that of 
thunder was heard underground, and immediately after- 
wards a violent shock threw down the greater part of the 
city ; and in the course of about six minutes 60,000 per- 
sons perished. The sea at first retired and laid dry the bar 
at the mouth of the Tagus ; it then rolled in, rising fifty 
feet above its former level. A large number of people had 
fled for safety to the new quay, where they might be beyond 
the reach of the falling houses. Suddenly the quay sank 
down with all the people on it, and not one of the dead 
bodies was ever recovered, A great number oi \^o^\a «.wd 
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small vessels anchored near the spot were also swallowed 
up, and no fragment of these ever rose to the surface. It 
is very probahle therefore that a deep narrow chasm opened 
and closed again after swallowing the vessels and the 
quay. 

According to Humboldt, the area over which the eflfects 
of this earthquake were felt was four times greater than 
the extent of Europe. The shock was felt in the Alps, on 
the coast of Sweden, in Canada, the West Indies, and 
Morocco. In Loch Lomond the water rose against its 
banks and then subsided below its usual level. The hot 
springs at Toplitz, in Germany, dried up, and then again 
returned, inundating everything with water discoloured by 
ochre. Several vessels felt the shock in the mid- Atlantic, 
and thought they had struck upon a rock. One ship, forty 
leagues west of Cape St Vincent, experienced such a vio- 
lent concussion that the men were thrown a foot and a half 
perpendicularly up from the deck. 

Calabria. — The earthquake of Calabria commenced in 
February 1783, and the shocks were continued over an 
interval of nearly four years. The area where the shocks 
were most violent extends over that part of Italy which 
lies between the 38th and 39th degrees of latitude, and em- 
braced the adjacent part of Sicily, but the convulsions were 
felt over the greater part of the island, and as far north as 
Naples. The first shock took place On 5th February, and 
in two minutes the greater part of the houses in all the 
cities, towns, and villages, from the western flank of the 
Apennines to Messina, were thrown down. Another oc- 
curred on 2Sth March of almost equal violence, and shocks 
of more or less intensity were felt until the close of 1786. 
The surface of the country often heaved like the billows of 
the ocean, and produced a sensation like sea-sickness. It 
is said that during a shock trees sometimes bent to the 
earth until they touched it with their tops. In many places 
the ground was rent by fissures, which opened and then 
closed again, so that houses, trees, cattle, and men were 
engulfed ; and then the sides of the chasm coming together 
agaiD, no vestige of them was to bQ seen ; in .some in- 
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stances individuals are said to have been swallowed up by 
the shock, and then thrown out again alive. 

Extensive landslips took place in various parts, and in 
some instances the aspect of the country was entirely changed, 
river valleys being filled up in some places by enormous 
masses detached from the neighbourhood, and thus several 
lakes were formed. In one case an extensive olive-ground 
and orchard were hurled a distance of 200 feet into a val- 
ley 60 feet in depth. A small inhabited house, standing 
on the mass of earth carried down, was uninjured, and the 
olive trees continued to grow on the land and bore the 
same year an abundant crop. In another case a thatched 
cottage, together with large olive and mulberry trees, were 
carried, uninjured, down a valley for a distance of about a 
mile. In many cases disputes naturally arose as to whom 
the property, which had thus shifted its place, should belong. 

The number of persons who perished during this series 
of earthquakes is estimated at about 40,000 ; and about 
20,000 more died from epidemics caused by insufficient 
nourishment, exposure to the atmosphere, and malaria 
arising from the stagnant lakes and pools. By far the 
greater number of those who perished during the earth- 
quakes were buried in the ruins of their houses. Some 
were rescued after being entombed for three, four, or even 
five days; and many others might have been saved had 
there been any assistance. 

Distribution of Earthquakes. — The whole west coast 
of South America is exposed to earthquakes, and also the 
northern shore almost as far as the mouth of the Amazon. 
The remainder of the continent, however, is remarkably 
free from disturbance. The coast of Chili experienced a 
destructive earthquake in November 1822. The shock 
was felt simultaneously through a distance of 1200 miles 
from north to south ; and Valparaiso and other towns were 
greatly injured. On the morning after the shock it was 
seen that the whole coast in the neighbourhood of 
Valparaiso had been raised three or four feet above its 
former level. 

Central America, including the West Indi^ lAwcvdc^^\»> 
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a centre of great seismic intensity. In March 1873, San 
Salvador, a city of 40,000 persons, was totally destroyed. 
Fortunately, the inhabitants, having been warned by a 
previous shock a few days before, had deserted their 
dwellings, and hence the loss of life was not great. 
Curiously enough, all the stone buildings were destroyed, 
while the wooden structures withstood the shock. The 
palace, being mainly built of wood, remained intact except 
where stone had been used, in which places the sides had 
fallen, leaving great gaps in the building ; the stronger the 
walls, the greater was the ruin. 

The West India Islands and the shores of the Gulf of 
Mexico belong to an earthquake area which embraces also 
the Alleghany Mountains and the east coast of the continent 
as far as Nova Scotia. 

The whole west coast of North America is also subject 
to earthquakes; and there is a remarkable area in the 
interior of the continent, embracing the upper valley of 
the Yellowstone and Columbia rivers. The Yellowstone 
has its source in a beautiful lake, about twenty miles long 
by fifteen broad, which lies at an elevation of 7427 feet, 
and is surrounded by volcanic ridges which average 10,000 
feet in height. The river leaves the lake at its northern 
extremity, and flows for miles through a valley filled with 
geysers, hot springs, and mud volcanoes. The geysers far 
exceed those of Iceland in height and grandeur. There 
are no active volcanoes, but the district is occasionally 
visited by earthquakes. The igneous forces, which appear 
to have been in full activity towards the close of the 
tertiary period, now seem to be dying out. 

The Aleutian Islands, and the groups which fringe the 
east coast of Asia, are intensely volcanic ; and in the East 
India Islands we are joined by a band which, on the one 
hand, is continued through New Guinea, New Britain, and 
New Ireland, to New Zealand ; and, on the other hand, 
runs through Sumbawa, Java, and Sumatra. Australia is 
remarkably free from earthquakes, and Africa almost so. 
Slight shocks, however, are occasionally felt in Egypt, 
Morocco, and Cape Colony. Indeed, ti[ie \\ii^^ ^MtWd 
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continents^ if we except the west coast of South America, 
present a marked contrast to the three northern ones in 
their comparative freedom from the effects of volcanic action. 

An earthquake area of great intensity extends across the 
south of Asia and through the Mediterranean, stretching 
from the Bay of Bengal to the Azores. A similar district, 
though of less intensity, stretches northwards from the 
Himalayas, and includes the Thian Shan and Altai Moun- 
tains. In Western Europe, an earthquake hand extends 
through Spain, France, Holland, and the British Islands, to 
Iceland. Earthquakes are hy no means infrequent in 
Great Britain, but they are generally very slight. At 
Comrie, in Perthshire, as many as thirty shocks have been 
counted in one year. In March 1871 , the northern counties 
of England, and especially Lancashire, were rather severely 
visited. The undulation of the earth was clearly perceptible, 
and houses shook sufficiently to set the bells ringing, and 
to throw down glass and china from the shelves of the 
cupboard. More recently (April 1873) the inhabitants of 
Doncaster were alarmed by a smart shock. 

We have before remarked that earthquakes are an essen- 
tial pait of that machinery by means of which the very 
existence of dry land is secured. Why the working of the 
machinery should be attended with so much loss of life and 
property is a mystery which, with our finite intelligence, 
we cannot understand. No one, however, can study the 
laws of nature without being convinced that they are con- 
trolled by supreme Beneficence as well as by supreme Power 
and Wisdom. It is very probable that in the future, when 
the laws regulating volcanic and seismic agency are better 
understood, much of the destruction of life which has 
marked the past will be avoided. Dangerous spots will 
become well known, the premonitory symptoms of an 
outburst of igneous activity will be noticed, and due pre- 
cautions taken. It is deemed not impossible to construct 
buildings so that they may be able to withstand the shock 
of the earthquake. Mr Mallet informs us that lighthouses 
are now built in Japan presumably proof against the most 
violent sbocka Ukely to visit that country. 
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CHAPTER V. 

Volcanoes. 

Volcanoes and earthquakes have precisely tlie same 
origin. When an explosion takes place in the interior of 
the earth, and the molten matter, finding a vent, is poured 
out at the surface or beneath the waters of the sea, then a 
volcano is formed. If there were no such vent, the ground 
would be upheaved and rent, and the shock would produce 
the vibration known as an earthquake. Volcanic moun- 
tains are known by the conical form of the summit ; and 
the opening through which the erupted matter is ejected 
is called a crater, from its hollow, bowl-like shape. There 
has been considerable difference of opinion respecting the 
origin of volcanic cones, but it is now generally agreed 
that they are caused by the accumulation of ashes and 
other material thrown up by the volcano itself. An erup- 
tion generally begins by a dense volume of smoke issuing 
from the crater, mixed with aqueous vapour and various 
gases. Then masses of rock and molten matter are ejected 
with tremendous violence ; after which lava begins to flow, 
and the whole generally terminates with a shower of dust 
and ashes. 

Vesuvius. — A violent eruption of Vesuvius took place 
in April 1872. The volcano had been more or less active 
since January 1871, but with the spring of the following 
year its activity increased, and it was noticed that the 
volcano was very active at the time of the full moon, both 
in March and April. On the 24th of the latter month some 
splendid lavas descended thQ cone in various directions, 
and the mountain was visited by a great number of 
strangers from Naples on the following day, and even until 
after midnight Early in the morning of the 26th, a num- 
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ber of visitors, chiefly medical students, were in a valley 
at the foot of the cone, when suddenly a large fissure, 300 
metres in length, opened and poured out a copious torrent 
of lava. At the same time two huge craters formed near 
the summit, and poured out incandescent projectiles with 
white ashes. A cloud of smoke enveloped the unfortunate 
students, who were exposed at the same time to a hail of 
burning projectiles and to the heat of the lava torrent. 
Several were buried beneath the lava and disappeared for 
ever; two dead bodies were picked up, and about a dozen 
others were seriously injured. 

An observatory is established at no great distance from 
the summit of Vesuvius, and here Professor Palmieri kept 
his post, risking his life in the cause of science. On the 
memorable morning of the 26th the observatory, situated 
on a slight eminence, was surrounded by streams of fire. 
The cone seemed completely perforated, and lava oozed 
out as it were through its whole surface — "Vesuvius 
sweated fire." The two craters formed at the summit dis- 
charged an immense cloud of smoke and ashes, with bombs 
or fragments of rock. These were followed by showers of 
dark sand, with lapillse (ashes) and scorise, or minute frag- 
ments of lava. The smoke, driven up with violence, 
assumed the aspect of a pine tree, from the trunk and 
branches of which fell a rain of incandescent material 
which frequently covered the whole cone, while the pine- 
tree cloud was furrowed by continued lightning. (Palmieri, 
Eruption of Vesuvius,) 

Distribution of Volcanoes.— If we notice the distribu- 
tion of volcanoes we shall find, as we might expect, that 
they occur within the regions visited by earthquakes^ but 
are of course less widely distributed. The Pacific Ocean 
is literally fringed with volcanoes. Commencing with 
Graham's Land in the Antarctic Ocean, where the active 
cone of Erebus reaches a height of 12,000 feet, we cross to 
Tien-a del Fuego. And now commences that magnificent 
range which runs through the Andes, Central America, 
and the Rocky Mountains. Among the volcanic summits 
jn South Amenca. may be noticed XctoiL^«^^^^'^^ VS.^>si.'^ 
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mountain in the New World ; and Cotopaxi, Chimborazo, 
Antisana, Pichincha, and Tunguaragua, which surround 
the city of Quito. Cotopaxi, which stands 19,000 feet 
above the sea-level, is said to have thrown up flames 3000 
feet above the brink of its crater ; but this appearance was 
probably due to the reflection of the red-hot lava upon the 
ascending column of smoke. 

In Central America we have a double chain — one pass- 
ing through the West Indies, and the other through 
Guatemala and Mexico. In Guatemala we meet with the 
cone of Goseguina, where a remarkable eruption took 
place in 1835. Ashes fell at Truxillo, on the shores of the 
Gulf of Mexico, while others fell, on the same day, at 
Kingston in Jamaica, having been carried by an upper 
current against the regular trade wind. Eight leagues to 
the south of the crater ashes covered the ground to the 
depth of three yards and a half, destroying the woods and 
dwellings. Thousands of cattle died, their bodies being, 
m many instances, one mass of scorched flesh. 

Mexico is the seat of intense igneous activity^ About 
three-fifths of the country is covered by a table-land called 
the plateau of Anahuac. The most remarkable tract in 
this elevated region is the plain of Malpais, which is sur- 
rounded by ridges of basaltic rocks, and crossed from east 
to west by five active volcanoes — Tuxtla, Orizaba, Popo- 
catepetl, JoruUo, and Colima. In the beginning of 1759, 
the space now occupied by the cone of Jomllo, which is 
120 miles from the coast, was covered with fertile fields of 
sugar-cane and indigo. In the month of June, hollow 
sounds of an alarming nature were heard, and earthquakes 
succeeded each other for two months; until, at the end 
of September, flames issued from the ground, and frag- 
ments of burning rocks were thrown to prodigious heights. 
Six volcanic cones, composed of scoriae and fragmentary 
lava, were formed on the line of a chasm which ran from 
north-east to south-west The least of these cones was 
300 feet in height ; and JoruUo, the central one, was ele- 
vated 1600 feet above the level of the plain. It sent forth 
great streams of lava; and its ejections did not cease until 
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February 1760. Humboldt visited the country more than 
forty years afterwards, and found a mass of matter cover- 
ing an area of four square miles, and gradually sloping in 
all directions from the base of the cones. Even after that 
long interval, the mass was still in a heated state. 

North of Mexico, there are one or two active volcanoes 
in the peninsula of California; one (St Helen's) is also 
reported near the mouth of the Columbia Biver ; there is 
another in British Columbia; and we may also mention 
Mount St Elias, in Alaska, which attains an elevation of 
18,000 feet From Mount St Elias a line of volcanic 
action runs through the Aleutian Islands to Eamtchatka, 
where the cone of Elutchew rises at once from the sea to 
the height of 15,000 feet. The line may then be traced 
through the peninsula of Eamtchatka and the Eurile 
Islands to Japan. It then extends by Loo Choo and For- 
mosa to the Philippine Islands, and thence to the Celebes. 
Here one branch turns to the south-east, and is continued 
through New Guinea and New Hebrides to New Zealand 
and Victoria Land, thus completing the circuit of the 
Pacific; while the other is continued westerly through 
Sumbawa and Java to Sumatra and the Bay of Bengal. 

A terrible eruption of Tomboro, in the island of Sum- 
bawa, took place in 1815. The explosions were heard at a 
distance of nearly 1000 miles ; and in Java, at the distance 
of 300 miles, it was as dark as midnight during the day, 
owing to the quantity of ashes which filled the air. Ashes 
were also carried by the wind to Bencoolen in Sumatra, a 
distance equal to that between Vesuvius and Birmingham. 

But there is not a spot of its size on the earth which is 
the seat of such intense igneous activity as Java. A ridge 
of volcanic mountains forms the central crest of the island, 
and ends towards the east in a series of thirty-eight sepa- 
rate cones. They stand on a plain but little elevated 
above the sea, and are covered with thick vegetation. 
Some are extinct, or only emit smoke ; from others issue 
immense quantities of sulphureous vapour ; one has a large 
crater filled with boiling water ; and a few have had fierce 
eruptions in recent times. 
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The mountain of Oalongoon was in 1822 covered by a 
dense forest, and situated in a fruitful and populous part 
of Java. In July of that year the waters of a river which 
had its source in the mouutain became hot and turbid. In 
October a loud explosion was heard, and immense quanti- 
ties of hot water, boiling mud, and ashes were ejected with 
such force that large quantities fell forty miles distant. The 
rivers in the neighbourhood, being filled with mud and hot 
water, overflowed their banks, and destroyed immense 
numbers of people, cattle, birds, and wild beasts. For a 
distance of four-and-twenty miles the country was covered 
to such a depth with a bluish mud that not a trace of the 
villages or plantations could be seen. The first eruption 
lasted nearly five hours, and on the following days the rain 
fell in torrents. At the end of four days a second eruption 
occurred, more violent than the first. Mud and water were 
again vomited, and huge blocks of basalt were carried a 
distance of seven miles. It is said that 114 villages were 
destroyed, and about 4000 people killed. 

At the eastern extremity of Java there is a crater which 
contains a lake strongly impregnated with sulphuric acid, 
from which issues a river which supports no living creature, 
nor can fish live in the sea near its mouth. There is 
another extinct crater, near Batur, called Ouevo XTpsas, 
the Valley of Poison, about half a mile in circumference. 
Every living thing which enters this valley is instantly 
suffocated ; and the ground is covered with the carcasses of 
tigers, deer, birds, and even the bodies of men — all killed 
by the exhalations of carbonic acid gas with which the 
bottom of the valley is filled. 

It is a remarkable circumstance that no active volcanoes 
are found at any great distance from the sea. Pe-shan 
and Ho-tcheou, in the Thian Shan Mountains, which 
are sometimes mentioned as exceptions to this statement, 
have been shown by recent research to possess none 
of the characteristics of volcanic summits. Further west, 
on the. southern shore of the Caspian Sea, we meet 
wjth the smokipg cone of Demavend, which rises about 
18,000 feet in beighty and is a conspicuous landmark for 
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sailors on tlie Caspian. When we reach the shores of the 
Mediterranean we meet with several active cones. In the 
Grecian Archipelago is the submarine volcano called 
Santorin. The rim of the crater appears above the surface 
of the water as two islands, the larger one, called Tliera, 
forming more than two-thirds of the circuit. The exterior 
circumference of the rim is about 30 miles, and the dia- 
meter of the enclosed gulf about 6 miles. If this gulf 
could be drained, a bowl-like cavity would appear, with 
walls 2000 feet high in some parts, and nowhere less than 
1200 feet. Three small islands — the Kaimenis — would 
then appear as the summits of a huge mountain. An eruption 
took place here in 1866, when a new island was thrown up 
in the middle of the gulf. 

We have already referred to a recent eruption of Vesu- 
vius. Etna has been a very active volcano, both in ancient 
and modem times. Its huge cone, nearly 11,000 feet in 
height, with a base 90 miles in circuit, has been entirely 
formed of the ashes and molten matter thrown out at its 
various eruptions. The small volcano of Stromboli, in the 
Lipari Islands, is in a state of almost constant activity. 
On the other hand, a lofty volcano like Cotopaxi has only 
about one eruption in a century. It was noticed that at 
the commencement of the Calabrian earthquake in 1783, 
Stromboli smoked less, and threw up a less quantity of in- 
flamed matter than it had done for several years previously. 

The shores of the Atlantic contrast with those of the 
Pacific in being remarkably free from volcanoes. On the 
other hand, most of the islands are volcanic. Besides the 
West Indies, we may notice the Canaries, with the peak 
of Teneriffe ; the Azores, with the summit of Pico ; and 
the island of Iceland, From records which have been 
carefully kept, it appears that since the commencement of 
the twelfth centuiy there has never been in Iceland an 
interval of more than forty years without either an erup- 
tion or great earthquake ; and some eruptions of Hecla 
have continued six years without ceasing. A tremendous 
eruption of Skaptar Jokul took place in 1783. The tor- 
rent of lava poured down into the valley ot iJae x\Nex 
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Skaptit, completely filled its rocky channel, as well as tlie bed 
of a deep lake, and then spread over the country with a 
breadth in some cases of twelve to fifteen miles. The ordi- 
nary depth of the current was 100 feet, but when confined 
in narrow defiles it sometimes amounted to 600 feet. The 
eruption lasted two years ; no less than twenty villages were 
destroyed and more than 9000 human beings perished — al- 
most one-fifth of the total population of the island. It has 
been calculated that the mass of lava brought up from the 
interior of the earth by this eruption surpassed in magni- 
tude the bulk of Mont Blanc. (Lyell, Principles of Geology.) 

The largest crater in the world is that of Kilauea, in 
the island of Hawaii, one of the Sandwich group. Hawaii 
is triangular in shape, and about the size of Sicily. It 
contains three volcanic summits, of which Mauna Loa, 
13,700 feet in height, is best known. Mauna Loa has two 
craters, one at the summit, and the other — Kilauea — about 
8000 feet below the summit, on the western side. It is 
about seven miles in circuit, and one thousand feet in 
depth. The crater never ejects steam or ashes, but the 
lava, issuing from a multitude of cones, sometimes fills the 
vast area to a height of several hundred feet above the 
bottom. Great eruptions have taken place at Kilauea 
within recent years. 

Volcanic Products. — We have before stated that during 
an eruption various gases are emitted from a volcano. 
These are mainly carbonic acid, oxygen, hydrogen, 
nitrogen, and carburetted hydrogen. At first, and while 
the eruption is active, hydrogen is present to the extent 
of about 30 per cent. Afterwards, as the temperature 
lowers, the hydrogen diminishes, but the carbon and 
nitrogen increase in quantity. Towards the close of the 
eruption the hydrogen disappears, and carbonic acid rises 
to about 90 per cent. The fumaroles, or smoking vents, 
which abound both in the crater and the lava streams 
during an eruption, emit other substances besides gases. 
At first the alkaline products prevail, but by degrees the 
ae/ds preponderate, owing to the absence of suflScient heat 
to volatilize the alkaline salts. Soda, potas\\,sv3\^\i\«^wA 
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lime in small quantities are common ; and traces of various 
metals, such as copper and iron, have been detected. 
Immediately after the lava has ceased to flow, and while 
it is still red-hot, various chlorides form a bright-coloured 
band within and near the crater ; and sulphates, chiefly of 
lime, form a whiter zone. Alum, in various forms, is 
always met with, and carbonate of soda has been observed 
in crevices of recently cooled lava. 

In many volcanic districts may be traced a certain 
amount of subdued activity. This is chiefly displayed in 
fiimaroles, eruptions of boiling water, and mud volcanoes. 
The term Jumarole is applied not only to the jets of smoke 
and gases emitted from the crater and lava during an 
actual eruption, but also to the issues of vapour long after 
the eruption has ceased. The presence of sulphur in large 
quantities converts the fumarole into a solfatara, where 
thick deposits of sulphur in a crystalline form are often 
found. Eruptions of boiling water are best seen in the 
Geysers of Iceland, which will be referred to in a subse- 
quent chapter. 

Mud-volcanoes, or salseSj are low conical bills which 
have been formed by the eruption of mud and water. 
They are very numerous in the Crimea, and along the whole 
southern slope of the Caucasus Mountains. They are met 
with also at Baku, on the western shore of the Caspian, 
and on islands near the eastern shore. There are some 
well-known examples also in Italy, on the northern slope 
of the Apennines ; and they are Sequent in Sicily. They 
have been noticed at various places on the northern slope 
of the Himalayas and in China. They occur also on a 
large scale in Java and Mexico. In all cases they repre- 
sent the declining stage of volcanic activity. (Ansted.) 

We have thus noticed very briefly the various pheno- 
mena which attend volcanic eruptions ; we have seen also 
that the causes which produce these outbursts are identical 
with those that give rise to earthquakes; that in both 
cases there is an explosion in the interior of the earth; and 
that this explosion is probably caused by steam. The fact 
that the most active voJcanoes are siivialei ev\)afc\ w^wv 
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islands or along the sea-coast confirms the idea that water 
has something to do with the volcanic and seismic pheno- 
mena ; and this is further strengthened hy the fact that 
enormous quantities of aqueous vapour are given out at 
every volcanic eruption. One element, therefore, in the 
explosions which cause earthquakes and volcanoes is water, 
which finds its way from the surface of the earth to the 
interior, either by means of fissures and crevices, or by 
percolating through the rocks themselves. Upon this 
point most geologists are agreed ; but there is a difference 
of opinion respecting the source of internal heat. 

Subterranean Heat. — One theory is, that the earth has 
been condensed from a nebulous fluid ; that it was originally 
in a condition of great heat ; that at length it cooled so 
far by radiation into space that consolidation commenced 
at the surface ; and that by degrees the crust of the earth 
has been gradually thickening, and now overlies a melted 
nucleus within. This theory seems to derive support from 
the fact, that the deeper we penetrate into the interior 
of the earth the hotter it becomes ; and that the increase 
follows a general law, being one degree Fahrenheit for 
every sixty or seventy feet. On the other hand, it is 
contended by some that this increase of temperature is not 
uniform, but varies in different regions ; and that if it were 
uniform, it would imply such an elevation of temperature 
at the central nucleus as would instantly fuse the crust 
of the earth. It is also stated, with some show of reason, 
that we have no evidence from geology of this gradual 
cooling of the earth ; that, on the contrary, so far as can 
be judged from organic remains, the temperature seems 
to have oscillated between periods of great heat and great 
cold ; that, if this theory were correct, we should expect 
that igneous activity, as displayed in volcanic action, 
would have been greater in the earlier geologic ages 
than in more recent times, but that there is no evidence 
of this ; finally, that it has been mathematically demon- 
strated that the precessional motion of the earth could not 
/fe such as it now is unless the solid crust were from 800 
fo 1000 miles in tbicknesSf but that tbe mo\em^Ti\.\% Q.wi- 
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sistent with the supposition of the general solidity of the 
entire glohe. Now, we have seen that, according to Mr 
Mallet's opinion, no earthquake has a focus at a greater 
depth than thirty miles. It would seem, therefore, that 
whatever may he our opinion respecting the probability of 
there being a central melted nucleus, we can hardly be- 
lieve that such a nucleus, if it did exist, could have any 
influence upon volcanic action. 

If, then, the idea of a central nucleus of fire will not aid 
us in explaining igneous phenomena, what other source 
or sources of heat remain ? Sir Charles Lyell and others 
are of opinion that there are enclosed in various parts of 
the earth's crust, but at no great distance from the surface, 
vast lakes, seas, and oceans of liquid fire. Such an 
ocean, five miles deep and five thousand miles long, would, 
it is said, occupy but a very small part of the earth's 
crust, but would be amply sufficient to account for the 
most intense seats of volcanic action with which we are 
acqusdnted ; and the existence of such seas of lava would 
be quite consistent with the idea of the general solidity of 
the earth. But the next question which arises is, How 
are we to account for these large areas of liquid fire ? It 
is believed that we have an adequate cause in those cur- 
rents of magnetism or electricity which are always circu- 
lating through the earth, and on which the movements of 
the magnetic needle depend. These magnetic currents are 
affected to some degree by the amount of solar heat which 
the earth receives ; for it is well known that the variation 
of the magnet is greater during summer than winter, and 
during the day than during the night. Besides this, it 
has been observed that there is an intimate connexion be- 
tween the sun's spots and terrestrial magnetism ; so that 
an abundance of the former coincides with an excess of 
the latter. We may, therefore, have in these facts a key 
to explain why earthquakes are more frequent at one 
time tiian another. But, besides this, the changes which 
these electrical or magnetic currents undergo, after great 
geological changes in the position of mountain- chains, and 
of sea and land^ may explain to us the chang&a m ^'^ ^"t^*^ 
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of volcanic and seismic action which has certainly taken 
place many times during past ages, and which the theory 
of a cooling mass does not explain. 

Professor Ramsay believes that the earth has been con« 
densed from a nebulous fluid, that it was once in a condition 
of great heat, that through a long course of ages it has 
gradually cooled by radiation and become more or less 
solid, and that the process is stiU going on. As the earth 
cooled, and as a consequence gradually shrunk in size, the 
hardened crust, in its efforts to accommodate itself to the 
diminishing bulk of the cooling mass within, became in 
places crumpled again and again; hence the origin of 
mountain chains. Mr Mallet appears to hold the same 
opinion, and thinks that in the secular cooling of the earth 
we have an explanation of the changes that have taken 
place, and are now taking place, in the elevation and 
subsidence of land. He does not believe, however, that 
volcanic phenomena have anything to do with a central 
flery nucleus ; on the contrary, he thinks it not improbable 
that the earth may be now more or less solid throughout. 
He is inclined to think that there are various sources of 
heat within the crust of the earth ; but he does not 
attribute this heat to electricity or magnetism. He believes 
that the friction of the rocks, caused by shrinkage in dif- 
ferent parts of the earth's crust, is a sufficient and satisfactory 
explanation of the occurrence of the high temperature 
necessary to produce volcanic action. Mr Mallet's theory 
is now very generally adopted. 
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CHAPTER VI. 

Denudation — Great Plain& 

We liave, in the three previous chapters, spoken of the 
general distribution of land, and of the forces which raised 
it above the surface of the water. But a little reflection 
will show us that when the bed of the ocean, or any part 
of it, first appears as dry land, it will present none of that 
variety of detail which now beautifies it. The material 
carried down by a nver to the sea, or which is excavated 
from a rocky cliff by the action of waves, is spread out in 
long stretches of sand or gravel; and when these sands 
and beaches become permanent dry land, they may pre- 
sent undulating or swelling outlines, but will be destitute 
of the peaks, chasms, and precipices which give grandeur 
to our mountains. The moment, however, that the dry 
land appears, it becomes exposed to a new set of forces, 
which carve out, as it were, the features of the country, 
and turn shapeless masses into magnificent mountains, 
pleasant hills, and fertile valleys. Rains wash down the 
softer covering of the various eminences, and the carbonic 
acid contained in the water eats away the limestone and 
chalk. Frosts split up fragments of rock, and streams carry 
away the debris to lower levels. Glaciers scoop out moun- 
tain valleys, hollow out rocky basins which afterwards form 
lakes, and give birth to rivers, which cut out for them- 
selves channels to the sea. 

All the forces to which we have alluded — the action of 
the sea, the influence of weather, and the effect of ice and 
runmng water — tend to produce what is termed denuda' 
tiouj — ^a stripping or laying bare of the surface. But it 
will be seen that, while the action of the sea, or marine 
denudation, tends to produce uniformity, the tendency of 
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the other forces is to produce variety; and these foices 
have played a far more important part in the physical his- 
tory of our globe than is generally supposed. 

Reference was made in the second chapter to the oolitic 
and chalk escarpments which stretch across England from 
south-west to north-east. There is clear evidence to show 
that these are the effect of denudation. Formerly, not 
only the oolite strata, but the chalk which lies above it, 
stretched right across the valley of the Severn, up to the 
base of the Malvern Hills. But partly owing to marine 
denudation, principally, however, through thfi agency of 
rain and running water, the two escarpments have been 
eaten backward to their present positions, the chalk being 
the more easily decomposed, having travelled the further ; 
and thus we see the origin of the Cotswold and Chiltem Hills. 
But this is not all : the eocene strata, which lie above the 
chalk, at one time extended much further westward than 
the escarpment which now forms its limit in that direction ; 
for here and there near the extreme edge of the chalk we 
meet with outlying eocene fragments, and it is impossible 
that these "outliers" could have been originally deposited 
near the edge of the chalk, and not in the space between 
them and the present escarpment. Some of the eocene 
beds are composed of sands, portions of which, when 
exposed to the air, become exceedingly hard. In the 
process of denudation, the softer class and some of the 
sands were more easily removed than the harder fragments, 
and the result is that over large areas, such as the Marl- 
borough Downs, tracts of chalk are covered with huge blocks 
of tabular sandstone, locally known as " grey wethers ;" 
and it is out of these blocks that the ancient structures of 
Stonehenge and Avebury have been erected. 

Another striking example of the effect of denudation is 
exhibited in the Weald of Surrey, Sussex, and Kent. 
Over this area the chalk strata once stretched without in- 
terruption ; but through the combined agency of the sea, 
rains, and rivers, the chalk has been cleanly scooped out, 
the result being the formation of two bold escarpments, 
known respectively as the Nortli aiid 8ou\.Vi DoYnia, In 
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the district, again, known as Saxon Switzerland, and in the 
valley of the Tweed, nearer home, we have examples of 
plateaux which have been so intersected by river-channels 
as to lose their original character, and to appear now as a 
series of hills. The same thing is taking place in the 
plateau of Abyssinia, which is deeply intersected with 
the feeders of the Blue Nile and the Atbara; and the 
material thus eroded is borne down in the annual inunda- 
tion to fertilize the valley of Egypt. 

It will thus be seen that hills are very often formed out 
of plateaux, or, in some cases, form merely the edge of a 
plateau. At first, the hills will be more or less fiat-topped 
and shapeless ; but denudation still goes on, the comers 
are rounded off, softer strata are removed, tributary 
streams carve out their several channels, and the hills 
become picturesque. It is evident, therefore, that the 
longer any surface is exposed to denudation — in other 
words, the more a district is weather-worn — the greater 
variety will there be in detail. Hence it is, that, as a rule, 
districts where the older rocks prevail are most celebrated 
for their scenery. And here another cause must be taken 
into account : when denundation has been continued over 
a long period, the whole of the sedimentary rocks are 
partially removed, in some cases leaving the hard granite 
and other igneous rocks exposed ; and it is the contrast 
between their rugged outlines and the more rounded forms 
of the sedimentary strata to which most of the beauty and 
grandeur of mountain districts is owing. The following 
remarks, by Professor Ramsay, on the Highlands of Scot- 
land are of universal application : " Being formed for the 
most part of materials of great but unequal hardness, and 
associated with masses of granite, the high land has been 
cut up into innumerable valleys by the repeated action of 
rains, rivers, and glaciers, whence their mountainous char- 
acter: for mountains, as we know them, are rendered 
rugged, less by disturbance of strata than by the scooping 
away of material from greatly elevated tracts of country. 
By mere elevation and disturbance of strata the land might 
rise high enough ; hut as mountain regionB noYir cx!v8.\.^\\.\& 
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by a combination of disturbance of strata with extreme 
denudation, going on while and after slow disturbance 
and elevation was taking place, that peaks, rough ridges, 
ice-worn surfaces, and all the cliflfs and valleys of the 
Highlands in their present form, have been called into ex- 
istence. They are undergoing farther modifications now." 
{Physical Geology and Oeography of Great Britain.) 

Olaciers. — Of all the denuding forces that have been or 
are still at work, none have been more powerful than the 
action of glaciers. As the ice- river slowly creeps down the 
slope of a mountain, it carries everything before it with 
irresistible force. Not only soil, trees, and stones, but the 
softer strata of rocks are stripped off", and the harder rocks 
over which it passes are ground and polished as smooth as 
glass. A stream issuing from the mouth of the glacier 
carries away the sand and mud formed from the softer ma- 
terials, which it has crushed and ground to powder ; and 
when the glacier has reached its furthest limit below the 
snow-line, and melts, it deposits the burden of stones, 
rocks, and rubbish which it has borne along, in what is 
called a terminal moraine. In many parts of the British 
Islands distinct traces of glacier action may be observed ; 
and it is scarcely too much to say, that all our mountain 
valleys have been formed by this agency. The softer 
material thus scooped out has been carried down to the 
lower valleys. Professor Ramsay is of opinion that the 
rocky basins in which most lakes lie have been excavated 
by glacier action. He points out, that in the region of the 
Alps all the large lakes lie in the direct channels of the 
ancient glaciers; and it is certainly remarkable that in 
Northern Europe and North America, where we know that 
in past ages glaciers were numerous, there lakes are of 
much more frequent occurrence than in the warmer regions 
further south, unless these southern regions be connected 
with a mountain-system such as the Alps. 

Bivers. — Afterwards, when, owing to a change in the 

climate, glaciers disappeared in any locality, or retreated 

into the recesses of the mountains, the valleys which they 

Jiad previously occupied would be taken possession of in 
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many cases by rivers. Sometimes, as is seen in some of 
the Italian lakes, the terminal moraine would dam up the 
water, and form a mountain lake ; in many cases, however, 
the river would gradually cut a channel through such 
obstructions. Where, however, a hollow was formed in a 
rocky bed, there the lakes would be of a more permanent 
character ; and such we meet with among the Cumberland 
moimtains, and in the neighbourhood of Killamey. Still, 
the tendency is that such lakes should be gradually filled 
up. It is well known that the river Rhone, before enter- 
ing Lake Geneva, is very much discoloured with the 
sediment brought down from the upper part of its basin ; 
but it issues from the lake in a stream of clear blue water. 
The solid matter which has been thus filtered out, tends 
gradually to fill up the lake ; and hence we are not sur- 
prised to find that there is indisputable evidence to show 
that the lake was once much larger than it now is. The 
same thing has taken place in our own island ; and in many 
of the " straths " of Scotland and dales of England, may 
be traced the outlines of ancient lakes, now turned into 
marshes or fertile fields. 

But while the river is thus filling up the depressions in 
one part of its channel, it is scooping out another part ; for 
of course the amount of solid matter required to fill up a 
lake must have been transported from some other part, and 
is a measure of the amount of denudation that has been 
going on. If we follow the course of a river upwards 
from its mouth, we shall in almost every case find that 
in some part or other it flows between lofty cliffs, and 
generally in some well-defined channel. Now, these 
cliffs and this channel have been formed in most cases by 
the action of the running water. A striking example of 
this is seen in the Falls of the Niagara. There is evidence 
. to show that since the river began to flow in its present 
channel, the falls have receded a distance of seven miles. 
The river at first seems to have fallen over a steep escarp- 
ment, which may be seen at Queenstown, about seven miles 
from Lake Ontario. This escarpment is the termination of 
a plateau of limestone, in which the falling wat<ir baa eaten 
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out a deep channel, in some parts 300 feet in depth, for a 
distance of seven miles south-west of Queenstown, and 
every year the falls are slowly receding still further. 

Canons. — A still more striking proof of the great eroding 
power of running water may be seen in those rocky defiles 
called canons, which characterize the Pacific coast of North 
America. These canons are generally found where the 
river breaks through some mountain-range, on its way to 
the ocean ; and the Cascade Range is remarkable in this 
respect. Thus, we have the canons of the Stikeen, in 
Alaska; the defiles of the Fraser, the gorges of the 
Columbia, and those of the Colorado, which flows into the 
Gulf of California. The great canon of the Colorado is 
300 miles in length, with perpendicular walls 5000 feet in 
height. Many years ago, a party of trappers built a boat, 
and made an attempt to descend the river through the 
defile, but were never heard of afterwards. In 1857, 
Lieutenant Ives, of the United States Navy, attempted the 
exploration of the gorge with a light draught steamer, but 
without success ; and a second, but fruitless attempt, was 
made in 1865. Its descent, however, is said to have been 
made subsequently by a traveller, who, in his pursuit by 
the Indians, made his escape through that dangerous out- 
let. So far as the canon has been explored, the scenery is 
of the grandest and most imposing character ; and there is 
undoubted evidence to prove that this and the other gorges 
have all been formed by streams of running water slowly 
wearing out channels to the Pacific. 

We have said that the amount of solid matter brought 
down by a river is the measure of denudation which it ac- 
complishes. The amount is far greater than we should 
ever imagine. It has been computed that the Mississippi 
brings down seven thousand million cubic feet of solid 
matter annucdly; and the quantity carried down by the 
Ganges at Ghazepoor, 500 miles from the sea, is almost as 
great ; and almost the whole of this is carried down during 
die four months which form the rainy season. '* If a fleet 
of more than eighty Indiamen, each freighted with about 
14,000 tons weight of mud, were to sail down the river 
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every houi of every day and night for four months con- 
tinually, they would only transport from the higher country 
to the sea a mass of solid matter equal to that home down 
hy the Ganges, even in this part of its course, in the four 
months of the flood season. Or the exertions of a fleet of 
2000 such ships, going down daily with the same burden, 
and discharging it into the gulf, would be no more than 
equivalent to the operations of the great river." (Lyell, 
Principles of Qeohgy.) 

It should be remembered also that below Ghazepoor the 
Ganges is joined by many of its most important feeders 
— ^the Gogra, Gunduck, Sone, and others; so that it is 
probable 3iat the total amount of water carried down by 
the river — and therefore the amount of solid matter — 
may be four or five times as much as that which passes 
Ghazepoor; and if to this we add the amount brought 
down by the Brahmapootra, the total quantity of mud 
borne down to the Bay of Bengal in one year would equal 
40,000 million cubic feet, or between six and seven times 
that brought down at Ghazepoor. 

Deltas. — Now, all this solid matter goes to form the 
delta of the Ganges. In a similar manner, though on a 
less scale, all the other deltas in the world are being 
formed; and thus the old belief of the inhabitants of 
£g3rpt, that Egypt was the gift of the Nile — so far, at 
least, as Lower Egypt is concerned — ^is literally correct. 
It is impossible to say in a few words why some rivers 
should end in deltas while others form estuaries. There 
may be special reasons in each case, and something will 
depend upon the question whether the coast is rising or 
siifking, and also upon the quantity of solid matter carried 
down by the river. But, in ordinary cases, it would seem 
as if all rivers had a tendency to form deltas ; for, wher- 
ever we meet with a wide estuary, it is gradually being 
filled up. The La Plata is full of shallows and sandbanks ; 
and a strong " Pampero," which blew without intermission 
for three days in 1793, laid bare the estuary for a distance 
of ten miles firom the shore ; and it is the opinion of Mr 
Darwin that the whole region of the Pampas has been 
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formed by deposits slowly accumulated in a former and 
much larger estuary of the La Plata. 

In Australia, Turkestan, South America, and other parts, 
many of the rivers seem to have no definite channels. 
Hence, in the rainy season, the rivers overflow their banks 
and inundate large tracts of country. The water is soon 
evaporated ; and, when the dry season returns, the river is 
reduced to a succession of pools, or perhaps entirely dis- 
appears in the sand. This is the characteristic of Australian 
rivers ; it is the case also with several streams in South 
Africa, in the region of the Sahara, in Arabia, Persia, and 
Turkestan, and Central Asia. Now, in all these cases, the 
land is supposed to be comparatively recent. The Sahara 
was undoubtedly covered by the sea at the close of the 
Tertiary period, and the region of the Caspian, including 
portions of Persia and Afghanistan, was probably covered 
by water in more recent times. We may therefore explain 
the peculiarity of the rivers to which we have alluded by 
supposing that they have not yet had time to scoop out 
proper channels. At any rate, the longer they remain in 
existence, the deeper their channels will become ; the less 
subject, therefore, will they be to floods, and the more 
constant will be their flow of water. 

Floods. — The rivers to which we have alluded are 
generally found in sandy deserts, and their function seems 
to be at present to fertilize the land through which they 
flow. Were their channels deeper, the flow of water would 
be more constant, and they would better deserve the name 
of rivers, but their influence upon the surrounding country 
would scarcely be so beneflcial. The basin of the Nile is 
rendered fertile by its annual inundation ; and wherever 
we meet with a river which is subject to annual floods, 
there we find the area of its inundations covered with 
alluvial soil. We are apt to look upon deserts as a per- 
manent feature in the geography of the globe. This can 
only arise from the limited view of the subject which we 
habitually take. If we reflect for a moment, we must 
admit that the most fertile spots upon our globe must at 
one time have been barren deserts. When any portion of 
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existing land w&s first brought up from the bottom of the 
sea, it would present a barren tract, covered for the most 
part by sand, gravel, or bare rock. The soil which now 
clothes it must have been formed subsequently, and has 
resulted partly from the disintegration of the bare rock, 
partly from sediment brought from other regions, and partly 
from decayed organic matter. At first there would only 
be a thin soil and scanty vegetation. In time this would 
decay and mingle with the earth, and every succeeding 
crop which died would contribute to the richness of the 
soil. There have doubtless been many agents in forming 
the soil which covers such a large part of our land, but 
among these agencies those rivers which are subject to 
floods undoubtedly played an important part. 

On careful consideration, we shall find that the great 
deserts and plains which we meet with in various parts of 
the world exhibit different stages of growth. We have 
first the bare sandy or stony deserts, like those of Africa, 
Asia, or Patagonia; then the thinly-grassed plains of 
Central Australia and Central Asia; the steppes and prairies 
with their grass and flowers rank next ; next the llanos 
and pampas ; and lastly the thickly- wooded selvas. 

It may be convenient in this place to give a brief sketch 
of the characteristics of the Great Plains of the Old and 
New World, before giving in detail the surface of the 
different continents. These plains may be conveniently 
described under three heads : Sandy Deserts, Grassy Plains, 
and Forest Plains. 

Sandy Deserts. — A large belt of deserts extends from 
the shores of the Atlantic across Africa, and through 
Arabia and Persia. These deserts owe their existence 
partly to the fact that they are shut in by an almost con- 
tinuous chain of mountains and table-lands, which drain 
the prevailing winds of their moisture, but still more to 
the nature of the surface ; for the tracts of sand reflect back 
the rays of the sun, and produce an intense heat, which dis- 
sipates any clouds that may be brought. Large quantities 
of salt are found in various parts of this desolate region, 
proving that at no distant period it has formed part of the 

F 
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bed of the ocean. This supposition is confirmed by the fact 
that a large proportion of the shells found in the Sahara, 
as well as in Persia and Turkestan, are identical with those 
now in existence. But as we get more acquainted with 
this zone of deserts we find that the sterile character is not 
so universal as was once thought. Wherever fresh water 
can be introduced, the wilderness is turned into a fruitful 
field. The Nile in Egypt, and the Oxus and Sir in Tur- 
kestan, run through valleys of great fertility, and there are 
large oases in the Sahara itself, especially in the eastern 
part, some of which are rich in verdure and cultivation, 
with villages, palm groves, and date plantations. To the 
north-west of Lake Tchad there is the plateau of Air or 
Asben, rising from 4000 to 5000 feet in height. Here 
tropical rains occur, and its valleys and upland plains are 
rich in trees and good pastures. 

Grassy Plains. — Under this term we include the steppes 
of Europe and Asia, the prairies of North America, and the 
llanos and pampas of the southern part of the New World. 

The region of the Steppes commences on the banks of the 
Dnieper, in the south of Europe, and extends along the 
shores of the Black Sea. It stretches also to the north 
and east of the Caspian, embracing the greater portion of 
Turkestan, and, passing between the Ural and Altai chains, 
may be said to occupy the lowlands of Siberia, except the 
swampy tract which lies along the shores of the Arctic Sea. 
In many parts of this vast re^on the soil is thin, but of 
good quality, and produces luxuriant grass ; timber, how- 
ever, is very scarce. The region between the Black and 
Caspian Seas is, however, almost hopelessly barren. It is 
destitute of fresh water, and abounds in small salt lakes ; 
and in some parts saline efflorescence covers the ground 
like hoar frost. In winter the steppes are dreary wastes of 
snow, inhabited chiefly by packs of hungry wolves. The 
showers of spring and early summer bring verdure and count- 
less flowers, and numerous herds of horses and cattle find 
abundant pasture. As summer advances the steppes become 
jt>arched by drought, the air becomes filled with an impal- 
pable dust, and cattle by thousands perish from thirst. 
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Autumn brings some relief, but winter sets in as early as 
October. As might be expected, the steppes are but thinly 
inhabited, except along the banks of rivers. Here and 
there, however, villages are met with, generally built in 
natural hollows or depressions in the surface. 

The Prairies^ so characteristic of North America, lie 
chiefly on the western side of the Mississippi, and extend 
from the river to the Rocky Mountains. They consist of 
undulating plains, gradually increasing in elevation towards 
the west They are covered with long rank grass, blended 
with flowers which are chiefly of the lily kind. Through 
the centre of these prairies runs the Pacific Railway from 
Omaha to Chyenne ; and the traveller may journey for 
hours without meeting with a single tree, except along the 
water-courses. Animal life, however, is abundant. Herds 
of buffalo feed on the sweet "bunch grass;" wolves, 
rattlesnakes, owls, and vultures, are met with, as well as 
the curious little barking rodent which is called the prairie 
dog. There are also countless herds of wild horses, bison, 
and deer. 

The Llanos of the Orinoco cover an area of 350,000 
square miles, and extend from the shores of the Atlantic 
almost to the foot of the Andes. The surface is almost as 
level as the sea, and is varied only by gently swelling 
eminences called " mesas," or by low flat terraces, with 
escarpments ^ye or six feet in height. In the rainy 
season — from April to October — the plains are flooded. 
After the water has subsided, there is a rich verdure ; but 
as the dry season advances, everything is scorched with 
the heat, and if by accident a spark of fire falls on the 
plains, disastrous conflagrations ensue. As with the 
steppes and prairies, scarcely a tree or shrub is to be seen, 
except a few isolated palms at great distances apart, or a 
few bushes on the banks of the streams. 

The Pampas occupy a vast area, extending from the 
33d parallel of south latitude to the banks of the Colorado. 
They may be divided into two distinct regions. The first 
extends westward from Buenos Ayres for a distance of 1 80 
inile-^ and Is covered with thistles and doNei «iMcnv^\&Vj \ 
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the second has a breadth of 430 miles, produces long grass, 
intermixed with flowers, and affords pasture to thousands 
of horses and cattle. This region has nearly the same 
aspect throughout the year, the grass only changing its 
hue from green to brown in summer. The first region, 
however, varies with the seasons in a remarkable manner. 
In winter, the leaves of the thistle are young and green, 
and the clover is rich and strong, the whole surface of the 
country presenting the appearance of a vast turnip field. 
In spring, the clover vanishes, the thistles shoot up to the 
height of ten or twelve feet, and are in full bloom, and the 
stems are so strong, so armed with spines, and so close 
together, as to present an impenetrable barrier. In summer, 
the thistles are burned up by the heat, the leaves shrink 
and fade, the stems become black and sapless, and at 
length the pampero, or hurricane, levels them with the 
ground, where they rapidly decompose and disappear. In 
autumn the clover springs up, and all is again covered with 
verdure. 

The interior of Australia, and the plains which occupy 
the plateau of Central Asia, are sometimes classed with the 
sandy deserts. They may with more propriety, however, 
be included among the grassy plains. In Australia, there 
is indeed a large stony desert, occupying an area of 
probably 3000 square miles ; but in other parts of the in- 
terior there are large tracts well grassed. Mr Stuart, who 
crossed the very centre of the continent — from Adelaide 
to Van Diemen's Gulf — describes the worst tracts he met 
with, as three or four belts of " scrub," the broadest being 
not more than sixty miles across. In Central Asia, again, 
grass is scanty, and there are large tracts of sand and loose 
stones ; but there is sufficient pasture for the camels, sheep, 
and goats of the nomad races who inhabit that region, and 
countless herds of wild asses and wild ponies roam over 
the entire district. 

Forest Plains. — A vast extent of forest covers the 

northern part of North America, and formerly included the 

VB]]ey of the St Lawrence, and the country to the east of 

/>5<? Mississippi It reappears in Europcaiv Rvissia, where 
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h IS said that a squirrel might travel from Moscow to St 
Petersburg, by hopping from trqe to tree. Forests also 
clothe the greater part of Siberia. The most characteristic 
region of forest plains, however, is the district occupied by 
the Selvas of the Amazon. This vast tract extends, with' 
but slight interruptions, from the parallel of 7° north to 
that of 18** south latitude, and covers an area of more than 
one million square miles. The soil, enriched for ages by 
the decay of vegetable matter, consists of the richest 
mould. The climate is tropical, the rains heavy; hence all 
the conditions are favourable to exuberance of vegetable 
life. Consequently, almost the entire area is densely 
timbered, and the trees are so matted together by creeping 
and trailing plants, that the country can only be pene- 
trated by sailing up the Amazon or its tributaries. The 
larfi'est trees bear brilliant blossoms of every hue, mingled 
with every shade of green, whUe the creeping and air 
plants are covered with flowers of the most vivid colour. 
Animal life is equally abundant ; birds of the most brilliant 
plumage flit from bough to bough ; monkeys of every size 
and colour swing from tree to tree. The air is filled with 
insects, the river with huge saurians, while the jaguar, the 
puma, the tapir, and the sloth, find a shelter in the dark 
recesses of the forest. The dawn of morning is made 
vocal with the song of birds ; at sunset, the forests are 
filled with the discordant roars of beasts of prey ; but at 
midday and at midnight a deathlike stillness prevails. 
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CHAPTER VII. 

Europe and Asia. 

We have seen in the last chapter, that although the 
existence of dry land is due to that upheaving force which 
we attributed to igneous action, yet that the formation of 
hills and mountains, plateaux and valleys, is mainly due 
to denudation. It is sometimes stated that hills owe their 
origin to denudation, mountains to elevation and denuda- 
tion combined. This distinction is convenient, and may 
be adopted, if it is borne in mind that the elevation is not 
due to any sudden or violent upheaval, but is the result of 
slow processes, carried on through long periods of time. 
The truly mountainous part of a country is generally the 
oldest part, and for that reason is the most elevated, while 
its rugged character is mainly due to the fact that it has 
been longest exposed to denudation. It is for this reason 
also that we find igneous rocks associated with mountain 
districts. The length of time during which they have 
been exposed to denuding influences has been sufficient to 
allow of large portions of the sedimentary strata being 
entirely removed. The difference in the character and 
composition of the igneous rocks thus brought to the sur- 
face, often determines the character of the mountains of 
which they form a part. Thus, dolomite assumes generally 
the form of high, abrupt, and insulated peaks ; metamor- 
phic rocks assume the form of needles, as in the Alps; 
summits of trachyte and serpentine are often dome- 
shaped ; while trap and basalt frequently form dark pre- 
cipitous walls of rock, like those in Greenland, and in 
some of the western islands of Scotland. 

EUROPE. — A great zone of mountains and plateaux 
stretches acrosa the great continent from the shores of the 
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Pacific to the Atlantic. In this zone, the Atlas Moun- 
tains, wbich skirt tbe nortbem coast of Afiica from Tunis 
to Morocco, may be included. The Pjrrenees, between 
France and Spain, bave an average elevation of 8000 feet ; 
but a score of summits rise 2000 feet above this, and the 
peak of Neihou or Maladetta attains an elevation of 
11,170 above tbe sea. The greatest breadth of the chain 
is about 60 miles, and its length 270 miles. It is very 
steep on its nortbem side ; but on tbe south, long sloping 
spurs, separated by deep valleys, extend to tbe banks of the 
Ebro. Tbe Pyrenees are continued westward under the 
name of Cantabrian Mountains, and run to Cape Finisterre, 
with a height ranging from 4000 to 6000 feet. 

Tbe greater part of tbe Iberian peninsula — under which 
title Spain and Portugal are sometimes included — is 
occupied by a plateau above 2000 feet in height, which 
slopes towards the Atlantic. On the east, this table-land 
is separated from the plains which skirt the Mediterranean 
by a broken ridge, which, commencing near the source of 
the Ebro, runs south-east under the name of tbe Iberian 
Mountains. On the south, the plateau is bounded by the 
Sierra Morena, and across tbe plateau run the mountains 
of Castile and Toledo. The former are continued into 
Portugal under the name of Sierra de Estrella, and termi- 
nate at Cape Roca. The Sierra Morena is also continued 
through Portugal, and, under the name of Sierra Manchique, 
terminates at Cape St Vincent. South of the plateau is 
the chain called Sierra Nevada, and in this chain is 
Mulhacen, which rises to a height of 11,658 feet, and is 
thus tbe culminating point of the whole peninsula. 

On tbe north side of the Pyrenees, the mass of high land 
is continued through the south of France, though at a 
much less elevation, by chains of hills and table-lands. 
The most remarkable of these is the plateau of Auvergne, 
once tbe theatre of violent volcanic action. Some of the 
cones and extinct craters are very perfect. The group 
of Mont Dore includes the Pui/ de Sancy. This is the 
highest summit in the interior of France, and reaches an 
elevation of 6000 feet. To tbe eastward of the Auvergne 
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Mountains are the Cevennes, which, starting from the 
Pjrrenees, terminate northward in the plateaa of Langres. 
Near the source of the Loire they throw oflf a spur called 
the Mountains of Forez, which separates the upper course 
of the Loire from its feeder, the Allier. 

The Alps. — ^The Alpine system is separated from the 
mountains of France by the valley of the Rhone and 
Saone. The Alps run round the north of the Italian 
peninsula from the Gulf of Genoa to the meridian of 15** 
east. In their western portion, they consist of a single 
chain about 100 miles in breadth, and known in different 
parts as the Maritime, Cottian, and Graian Alps. South 
of Switzerland they form a double chain, separated by the 
upper course of the Rhone. On the left of the river are 
the Pennine Alps, the highest portion of the whole system. 
Here Mont Blanc towers 15,700 feet above the level of the 
sea, and Mont Rosa, further eastward, is only 500 feet 
less in height. On the right of the river is the chain of 
the Bernese Alps, with Jungfrau, nearly 14,000 feet high. 
The Bernese Alps, with their endless maze of sharp ridges 
and bare peaks rising out of masses of pure snow, form 
one of the most remarkable groups of mountain scenery in 
Europe. This chain unites with the Pennine Alps at 
Mont St Gothard, which is the source of several important 
rivers. Eastward the Alps run through the Grisons and 
Tyrol to the Oreat Olockner, where the higher Alps ter- 
minate. At the Great Glockner the Alps split into two 
branches, forming the None and Camic Alps. The former 
runs north-east to the neighbourhood of Vienna ; the latter 
runs south-east, and is continued, under the names of 
Julian and Dinaric Alps, into Turkey. The passes across 
the Alps are at a great elevation. Mont Cenis, formerly 
one of the most frequented, is now pierced by a tunnel 
seven miles in length, through which there is rail- 
way communication between France and Italy. Mount 
Cervin, the highest pass in Europe, is 11,000 feet 
above the sea; and Stelvio, the highest carriage pass, is 
9000 feet. 
Tire western extremity of the Alps is continued south- 
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ward through Italy by the range of the Apennines. The 
average height of this branch is about 4000 feet ; but 
Mount ComOj its culminating point, has an absolute ele- 
vation of 9500 feet. In the southern part of the penin- 
sula the Apennines split into two branches, one of which 
terminates in Capo di Leuca, the other in Cape Spartivento. 
The mountains of Sicily, with Etna, nearly 11,000 feet in 
height, are a continuation of this latter branch ; while the 
mountains of Sardinia and Corsica may be considered as 
outlying members of the Maritime Alps. On the north 
side the Juras, which only attain an elevation of 3000 feet, 
are connected with the Alps by the plateau of Switzerland. 
On the whole, however, the Alps, like most European 
systems — ^the Balkans excepted — ^are singularly destitute 
of elevated table-lands, thus strongly contrasting with the 
high lands of Asia. 

The Balkans stretch across Turkey from the Dinaric 
Alps to Cape Emineh. The average elevation is not 
great, but the Tchar Dagk, the highest peak, is about 
10,000 feet in height. From this central mass branches 
spring off to the north and south ; the former terminating 
at the Danube, in the narrow defile called the " Iron Gate," 
and the latter continuing southward into Greece, under the 
name of Pindus. There is but one high road across the 
main chain of the Balkans, the well-known " Trajan's 
Gate ;" but the chains and table-lands are intersected by 
terrific fissures, so deep that daylight is almost excluded, 
and these afford safe passes for beasts of burden. 

The Carpathians commence at the Iron Gate, and sweep 
round in a large semicircle, imtil they again reach the 
banks of the Danube near Presburg. The Carpathians 
consist rather of mountain groups connected by elevated 
plains, than of a single chain. The highest of these groups 
is that of Tatra, in the 20th meridian east. It consists of 
a high plateau extending for about 50 miles from east to 
west, and nearly 30 miles in breadth. The average ele- 
vation is 7000 feet, but at least a dozen summits rise 
1000 feet higher, while the culminating point, Ruska 
PoyanOy is nearlj 1 0,000 feet in height. The lot«l len^h 
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of the Carpathians is about 800 miles, and the average 
breadth of the chain 100 miles. 

To the west of the Carpathians is the plateau of Bohemia, 
nearly 1000 feet in height, and surrounded by the Kiesen- 
gebirge, the Erzgebirge, and the Bohmerwald. At the 
north-west comer of Bohemia is the mountain knot called 
Fichtelgehirgej covering an area of 9000 square miles. 
From this knot a ridge runs south-west to the banks of the 
Rhine, forming the northern boundary of the plateau of 
Bavaria, which in its higher parts reaches 1600 feet. 
Near the western extremity of the ridge just mentioned 
rise the Schwarzwald, or Black Forest range. It runs 
north and south along the valley of the Rhine ; and 
parallel to it, but on the opposite side of the river, are the 
Vosges Mountains, which are connected with the moun- 
tains of France by the plateau of Langres. In Northern 
Germany are the Harz Moimtains, with the summit of 
Brocken 3700 feet in height, and other ridges of no great 
elevation. 

More than two-thirds of the whole surface of Europe 
consists of an immense plain, which includes the whole of 
Russia, and the greater portion of the countries which lie 
round the Baltic and North Sea. This great plain separates 
the mountains of Southern Europe from those of the 
Scandinavian peninsula. 

The Scandinavian Mountains extend from the extreme 
north of the peninsula to the Naze in the south, and are 
known in different parts under the names of the Kiolen 
Mountains, Dovre Field, and Hardanger Field. The 
Kiolen Mountains culminate in Sulitelma, which has an 
elevation of about 6000 feet. To the north, however, the 
chain gradually declines in height, till at the North Cape 
it is only 1500 feet. South of the Kiolen range, the moun- 
tains do not form a continued ridge or chain, but a series 
of broad plateaux, separated by deep and narrow valleys. 
One of the most characteristic of these plateaux is that of 
Dovre Field, which is 3000 feet high, and from which 
rises Sneehatten, 7600 feet in height. Further south, 
Skagstoliindy the highest summit in the peninsula, ex- 
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ceeds 8000 feet. On the eastern side, the mountains 
slope gently to the shores of the Baltic ; but on the west 
they present a steep front to the Atlantic, and the shore is 
deeply indented by fiords, which run up into the very heart 
of the mountains. A great portion of the mountains of 
Scandinavia rises above the line of perpetual snow, and 
some of the glaciers are very large. It is very probable 
that at one time the mountains of the British Islands were 
connected with those of Scandinavia, as they are similar 
in character, and follow the same general direction. 

The Ural Mountains, which form part of the boundary 
between Europe and Asia, are a long narrow chain, stretch- 
ing from the shores of the Arctic Ocean to the parallel of 
Orenburg, a distance of 1200 miles. The average eleva- 
tion is about 3000 feet, but about the parallel of 57° there 
is a depression which reduces the height to 1400 feet. To 
the north and south of this some summits exceed 5000 
feet, but no part of the chain is covered with perpetual 
snow. Throughout the whole chain there are no preci- 
pices or deep gorges. The descent on both sides is very 
gradual, so that it is sometimes difficult to know where 
the plain begins. The great mineral riches — gold, platina, 
magnetic iron, and copper — for which the Urals are cele- 
brated, are situated on the Asiatic side, and Ekaterinburg 
is the centre of the mining district. 

The Caucasus. — The zone of elevated land which we 
traced through the south of Europe reappears in Asia in 
the Caucasus Mountains, and the plateaux of Asia Minor. 
The Caucasus system extends in an unbroken line, between 
the Black and Caspian Seas, for a distance of 700 miles. 
Elburz, the highest summit, reaches an elevation of 18,500 
feet, or 3000 feet above the height of Mont Blanc. The 
passes across the range are few. The best known is the 
Pass of Dariel, situated near the 45th meridian of east 
longitude. This pass, known to the ancients as the " Gates 
of Caucasus,'' reaches, at its highest point, the elevation of 
8000 feet, and leads between precipitous cliffs 3000 feet in 
height. The snow-line here is 9500 feet, and the glaciers 
descend more than 2000 feet below it. 
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ASIA has been described as a continent of plateaux. 
The plateau of Armenia, which lies south of the Caucasus, 
and is separated from it by the valley of the Kur, is 
flanked by other plateaux on the west, south, and east. In 
the centre of this plateau rises Mount Ararat^ with an 
elevation of 16,900 feet. On the west is the table-land of 
Asia Minor, or Anatolia, with an average elevation of 
3000 feet. This high land is bounded on the south by the 
range of the Taurus ; on the north, the Anti-Taurus, 
divided by narrow but beautiful valleys, runs along the 
shores of the Black Sea. From the Taurus spring oflf the 
mountains of Lebanon, which run southward through Syria 
and Palestine, and in Mount Hermon attain an elevation of 
10,000 feet. This range is continued by the mountains of 
Seir into the peninsula of Sinai, at the head of the Red Sea, 
where one peak exceeds 9000 feet in elevation. 

The peninsula of Arabia consists of a plateau from 3000 
to 6000 feet in height, bounded by hills of no great 
elevation, which leave a belt of arid land round the coast, 
known as the ** Tehama." The northern half of the 
peninsula is crossed from north-east to south-west by 
mountain-ranges, which enclose fine pastoral valleys, 
adorned with groves of the date palm, and various aromatic 
shrubs. South of the tropic, however, there is an almost 
interminable ocean of drifting sand, wafted in clouds by the 
gale, and dreaded by the wandering Bedouin. 

Returning now to Armenia, we find that the southern 
part is protected by the broad and lofty belt of the moun- 
tains of Kurdistan, rising abruptly from the plains of 
Mesopotamia. They are very rugged in character, and 
rent by deep ravines. To the south-east stretches the 
Plateau of Iran, including Persia, Afghanistan, and Beloo- 
chistan. It has an area of nearly one million square 
miles, with a mean elevation of 5000 feet. South of the 
Caspian Sea the plateau is bounded by the Elhurz Moun- 
tains, which culminate in the volcanic peak of Demavend, 
about 18,000 feet in height. Further eastward the Elburz 
chain decreases in elevation and joins the Paropamisan 
Mange, which only appears as a chain of mountains when 
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viewed from the low plains in the north. On the extreme 
north-east of the plateau, however, the Hindoo Koosh rivals 
in altitude the Himalaya chain. Running south from the 
Hindoo Koosh, but separated from it by the valley of the 
Kabool, are the Sulieman and Hala Mountains^ separated 
by the Bolan Pass. In the south the table-land of Iran is 
bounded by a mountainous belt of from three to seven 
parallel ranges ; and on the west the Zagros Mountains de- 
scend in terraces to the valley of the Tigris and Euphrates. 
The western half of the plateau has an average elevation 
of about 4000 feet, and is generally level, with a few 
isolated hills rising up from the surface like islands: further 
eastward the elevation increases considerably. In the 
north of Persia is the Great Salt Desert, which extends 
into Afghanistan, and has an area of about 30,000 square 
miles. The soil is of a yellow fawn colour, and is encrusted 
with salt, in some places a foot in thickness. 

The Plateau of Pamir, or Bolor, as it is sometimes 
erroneously called, is the centre from which spring the 
chief mountain-chains of Asia. It extends from north to 
south for a distance of 180 miles, and its mean breadth is 
about half that distance. Its elevation exceeds 15,000 feet, 
but in summer time it is covered with extensive tracts of 
rich grass, interspersed with patches of willow and thorny 
shrubs. Many lakes are scattered over the surface ; and 
from one of fliem — Sir-i-Kol, or Lake Victoria, as it is 
now generally called — issues the Panja, which is the main 
source of the Oxus. Wild fowl abound upon these lakes 
in summer, and in the vicinity of water deer are abundant. 
Sheep, goats, wolves, foxes, the yak, and a kind of lynx 
valued for its fur, are also met with. A belt of lofty 
mountains, rising into peaks 20,000 feet in height, forms 
the eastern border of the plateau, and is the source of 
numerous streams which feed the Yarkand and Kashgar 
rivers. On the north of Lake Karakool a transverse ridge, 
rising in some places to the height of 25,000 feet, separates 
Pamir from the Alai steppe. This range, named after one 
of its passes, is called Kizil Tart On the south and south- 
east of the plateau is Little Pamir, with an elevation of 
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13,000 feet. On the north the plateau of Pamir is con- 
nected with the Altai and Thian Shan Mountains ; on the 
south with the Hindoo Koosh and Himalaya. 

The Hiinalaya8.-.-Taken in its widest sense, the Hima- 
layan system embraces not only the range generally so 
named, but also the Karakorum and Kuen-lun ranges, with 
the parallel ridges between. It will be more convenient, 
however, to limit the term to that vast range bounded on 
the north by the upper courses of the Indus and Sanpoo, 
and on the south by the plain of Hindostan. Its western 
and eastern extremities are determined by deep gorges 
through which run the Indus and Sanpoo respectively, and 
the total length of the chain is nearly 1400 miles. The 
average height of the Himalayas ranges from 15,000 to 
18,000 feet, but a number of peaks exceed 20,000 feet ; 
and Mount Everest, the highest summit on the globe, 
attains an elevation of 29,002 feet. Lofty as the Hima- 
layas are, they form but a buttress to the high table-land 
of Thibet, where boundless plains spread out at an eleva- 
tion of 16,000 feet, and yet are still habitable and yield 
pasturage to innumerable sheep. The snowy summits of 
the Himalayas do not lie in the main axis of the moun- 
tains, but in spurs which spring off to the south, so that 
sometimes the line of watershed lies 60 or even 100 miles 
behind the snow-covered peaks. Along the whole southern 
front of the Himalayas extends an outer range of varying 
altitude, known as the Sivalik Hills, which rise up abruptly 
from the plain of Hindostan. Besides the Indus and 
Sanpoo, the only river which bursts through the Hima- 
layas is the Sutlej. This river, in its passage along the 
northern base of the mountains, passes through the plain 
of Guge, and has cut a channel 4000 feet deep between 
precipices of alluvial soil. The river then intersects the 
Himalayas through a gorge where the mountains rise to 
20,000 feet on either side, while the river itself makes a 
rapid descent of 10,000 feet. 

The Oreat Plain of Hindostan extends southward from 
the base of the Himalayas to the Vindhya Mountains, 
which form the northern boundary of the plateau called 
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the Deccan. This table-land is triangular in shape, the 
other two sides being formed by the Eastern and Western 
Ghauts. The Deccan has a mean elevation of 2000 feet, 
and the surface consists of plains, crossed with low rocky 
ridges and interspersed with insulated round-topped hills, 
many of which are fortified. The Western Ghauts form a 
continuous range of hills, with summits reaching in some 
instances 6000 feet, all clothed with forests of teak and 
other trees. The Eastern Ghauts have a much less eleva- 
tion ; they form a more broken chain, and the surface of 
the hill is barren and stony, and almost destitute of trees. 
In the extreme south of the Deccan is a group of moun- 
tains called the Neilgherries, where the culminating point, 
Dodabetta Peak, has an elevation of 8600 feet. 

The Plateau of Thibet is bounded on the south by the 
Himalayas, and on the north the Euen-lun range separates 
it from Central Asia. In the eastern division Thibet is of 
considerable width, but westward it contracts into the 
snowy range known as the Earakorum Mountains. Of the 
Enen-lxin Mountains very little is known, but in its 
western portion, near Khokan, it contains summits exceed- 
ing 20,000 feet in height. The Karakomm range is still 
more lofty. It is crossed by traders in its narrowest por- 
tion by the Mustagh Pass, and towering above the pass is 
a summit 28,000 feet high. Farther east is the Karakorum 
Pass, 18,000 feet in height ; and still farther to the east, 
where the range is broader but less elevated, is the Chang- 
chemno Pass, Through these passes a busy trade is now 
carried on between Hindostan and the thriving towns of 
Eastern Turkestan. Very little is known about the general 
surface of Thibet. A large portion of it appears to consist 
of wide steppes affording good pasturage, while the deep 
valleys of the Sanpoo, Indus, and Sutlej contain tracts of 
great fertility. 

Eastern Turkestan, which within the last few years has 
been re-conquered by China, is interesting on account of 
its commercial relations with our Indian empire. In spite 
of the almost impassable barriers with which it is sur- 
rounded, it promises at no distant date to be a great mart 
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for the products botb of India and Russia. It is surrounded 
on three 'sides by lofty mountains, and on the east, where 
the country is open, it is hemmed in by the desert of Gobi. 
The higher portions of the country have an elevation of 
about 4000 feet, but the river Tarim runs through a great 
depression in the surface only 1200 feet above the sea-leveJ. 
The climate is very dry, but with an extensive system of 
irrigation the country may be rendered extremely fertile. 

The Kuen-lun Mountains and the plateau of Pamir have 
been already referred to ; in the north, Eastern Turkestan 
is bounded by the range called the Thian Shan. This 
chain extends for about 1400 miles from east to west, 
being in some places 100 miles in breadth. Bok-da-oola, 
about the 85th meridian, is the culminating point of the 
chain, and rises far above the limit of perpetual snow. 
Towards the west the Thian Shan throws off several spurs ; 
one to the north of the Sir Dana or Jaxartes is known as 
the Alatau Mountains, while to the south of that river is 
the Karatau range. The route from Eastern Turkestan to 
the valley of the Jaxartes is through the Terek Pass, which 
pierces tiie Karatau chain to the north-west of Kashgar. 

Altai System. — A range of low hills, which form a part 
of the western boundary of the great central table-land, 
connects the Thian Shan with the Altai system. The Altai 
chain commences on the eastern bank of the Irtish, and 
extends in a serpentine line to the Sea of Okhotsk, and 
under various names it is continued to East Cape, in 
Behring Strait. The breadth of the chain varies from 400 
to 1000 miles, but towards the 105th meridian it is con- 
tracted to about 150 miles. The whole length of the chain 
is 4500 miles. The average elevation is not high. West 
of the 86th meridian, the only part of the chain to which 
the term Altai is properly applied, the range consists of a 
succession of rounded table-lands, or truncated summits, 
seldom more than 6000 feet in height. There are numer- 
ous lakes on the terraces and in the mountain valleys, and 
the northern slopes are clothed with timber. East of the 
86th meridian the chain splits into three ranges, enclosing 
/on^ valle/s hetwocn. The Sayansk and Tangnou Mouii- 
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tains, which are the northern and central ranges, nnite to 
the west of Lake Baikal in a mountain knot which is 
celehrated for its mineral wealth. The third range runs to 
the south of Lake Ouhsa. To the south of Ladke Baikal 
there are several parallel ranges, known as the Daourian 
Mountains. Farther east they take the name of Yabhnnoi 
Khrdfetj and under this name are continued to the Sea of 
Okhotsk. From the Yahlonnoi springs ofiF the Stanovoi 
range, which runs to East Cape. A spur, called the Aldan 
Mountains, branches off from this chain and runs north- 
ward, separating the basins of the Aldan and Indigirka, 
while another ^ur, highly volcanic, runs southward through 
the peninsula of Eamtchatka. 

The long chain which we have thus traced from the 
hanks of the Irtish to the shores of the Pacific separates 
the mountainous parts of Asia from the great plain of 
Siberia. The eastern portion of this plain is somewhat 
diversified, and contains extensive forests. In the south- 
west are the steppes of Barabinsk and Ishim, on either 
side of the Irtish. Still frirther south are the Kirghis 
steppes, which are connected on the one hand with those 
of Europe, and on the other with those of Turkestan. 

The Great Central Plateau of Asia is bounded on the 
north by the Altai system, on the south by the Himalayas, 
on the west by the plateau of Pamir and the hills which 
connect the Altai and Thian Shan, and on the east by the 
Khing-harif In-Shan, and Yung-ling Mountains. Across the 
southern part of this table-land run the Kuen-lun Moun- 
tains, cutting off the elevated plateau of Thibet. The re- 
mainder of the great table-land may be divided by the 90th 
meridian* To the west of this line arc Eastern Tarkestan 
and the steppes of Dzungaria, separated by the Thian- Shan 
range ; to the east is ih^ plateau of Mongolia^ through which 
runs the desert of Gobi. 

Gobi. — This desert is supposed to be the bed of a dried- 
up lake, and occupies an area of 300,000 square miles. 
The general surface is flat, but in some places rises into 
low sand-hills ; vegetation is scanty, and fresh water only 
ohtained hy means of weJJs. Its general eVeNsAiaw \a from 
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3000 to 4000 feet, but it is intersected from west to east 
by a depressed valley called the Shamo, or Sea of Sand, 
where the surface is of a still more sterile character. 
Numerous lakes are met with, but they are all more or less 
salt. The desert of Gobi is, however, by no means so 
barren as is generally supposed. Mr Ney Elias, who 
crossed from Pekin to the valley of the Irtish between 
July 1872 and January 1873, experienced little difficulty 
in finding food for his camels. The country is inhabited 
by various nomad tribes, whose wealth consists in camels, 
sheep, and goats, and who trap and shoot the wild ass for 
the sake of its flesh. 

To the east of the great central table-land is the dis- 
trict called Manchooria and the great plain of China. The 
greater part of Manchooria lies in the basin of the Amoor. 
The country is intersected by mountains clothed with 
thick forests, and there are extensive pastures and tracts 
suitable for agriculture. The southern slopes of the Yab- 
lonnoi are rich in gold, silver, and iron. Gold also is found 
in the valley of the Amoor. Russia has possession of the 
coast as far south as the 42d parallel, and is gradually 
pushing her settlements into the interior. 

China Proper extends for about 1400 miles from north 
to south, and covers an area of 1,300,000 square miles. It 
is separated from the plateau of Thibet by the Yung-ling 
Mountains, but thence to the In-shan there is no well- 
defined range. From the Yung-ling spring off at right 
angles the Pe-ling and Nan-ling Mountains. The former, 
which separates the basins of the Hoang-ho and Yang-tse- 
kia ig, is the loftier range, and some of its peaks reach the 
line of perpetual snow. The Plain of China occupies the 
north-eastern part of the country. It embraces an area of 
210,000 square miles, which is equal to the whole of 
France, and has probably been formed for the most part 
by the alluvial deposits brought down by its two large 
rivers. The Great Canal traverses the eastern part of the 
plain for a distance of 700 miles, and connects Pekin, " the 
chjr of the north," with Nankin, " the city of the south." 
The plain ia the moat productive on the faee of the globe, 
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and IS for the most paii; laid out in rice fields and garden 
grounds, the whole cultivated with the spade. 

Further India. — It is still an unsettled problem whether 
the Sanpoo is identical with the Brahmapootra; this is, 
however, highly probable. Where the river breaks through 
the Himalayas it is only separated by a mountain knot 
from the valley of the Yang-tse-kiang. South of this point, 
however, various mountain-ranges spread out like the spokes 
of a fan, and separate the basins of the various rivers which 
fertilize Further India. One of these mountain- chains 
stretches south through the Malaya peninsula, and may 
even be traced through Sumatra and the adjacent islands. 
All these mountains are rich in ores of gold, silver, and tin ; 
and precious stones, such as rubies and sapphires, are met 
with. Magnificent forests reach to their summits, and the 
low valleys between yield three crops of grain in the year. 

The islands which stretch from Kamtchatka to Borneo 
are supposed by some to mark the ancient coast-line of 
Asia. The Japan Archipelago consists of four large 
islands and a number of smaller ones, with a total area of 
160,000 square miles. The islands are mountainous, and 
some peaks in Niphon attain an elevation of 12,000 feet. 
Fusiyama^ the culminating point in Niphon, has an eleva- 
tion of 14,000 feet, and is a volcano. The crater is a large 
oval about 1100 yards in length, with a depth of 350 yards. 
The latest recorded eruption was in 1707. The islands are 
rich in minerals, especially copper. The inhabitants, who 
number about 33,000,000, are intelligent, industrious, and 
clean, and seem anxious to maintain a friendly intercourse 
with England and other European countries, as well as 
with America. 

Borneo is perhaps the largest island in the world, though 
New Guinea is almost equal to it in size. It has an area 
of about 270,000 square miles. It is traversed from north 
to south by chains of mountains, and near the north-eastern 
extremity is the summit of Keni-Balu, which attains an 
elevation of nearly 14,000 feet. The island has no sign of 
recent volcanic action, and earthquakes are unknown. It 
is rich m minerals, including diamondfi^ 8^^^> ^^^> *^^" 
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mony, and coal. The small island of Labuarij on the 
north-east coast, belongs to England, and is valued for its 
beds of coal. Borneo is covered by magnificent forests, 
the abode of the orang-outang, an animal which is confined 
to Borneo and Sumatra. 

Somatra is separated from the Malay peninsula by the 
Strait of Malacca, and has an area of about 150,000 square 
miles. The mountains rise up abruptly from the west coast, 
and consist of several parallel ridges, varying in height 
from 2000 to 5000 feet; the highest peaks, however, reach 
an elevation of 8000 or even 10,000 feet. There are 
several active volcanoes, though the igneous forces are far 
less active than in Java. The island is rich in ores of 
gold, copper, and tin. 

Java, the most valuable of the Dutch possessions in the 
East Indies, is separated from Sumatra by the Straits of 
Sunda. It has an area of about 50,000 square miles, with 
a population of 13,000,000. The south coast is bold and 
rocky, and, being exposed to the violence of the ocean, is 
unsafe for shipping ; the northern shore is low and shel- 
tered, and contains some good harbours. The whole 
island is volcanic. Its minerals are not of much import- 
ance, but it has a luxuriant vegetation which supports 
numerous wild animals. Java is celebrated for the pro- 
duction of edible birds' nests, which are so highly prized 
by the Chinese. 

The total area of Asia and Europe, taken together, 
exceeds twenty-one million square miles : of this amount, 
eighteen millions belong to Asia, and three and a half to 
Europe. 
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CHAPTER VIII. 

North and South America. 

As Asia is remarkable for its plateaux, so is America 
for its great plains. In both the northern and southern 
divisions of the New World the mountain-systems lie 
close to the Pacific coast, leaving broad plains to the east, 
interrupted by mountain-ridges of no great elevation. 

NORTH AMERICA has a broad belt of table-lands 
and parallel chains, which stretches from north to south 
throughout the entire continent. The eastern flank of this 
belt of highlands, extending from the Arctic Ocean to the 
32d parallel of north latitude, has been termed the Eocky 
Koimtaiiis. These mountains, in the extreme north, are not 
more than 1000 or 2000 feet in elevation ; but as we follow 
the chain southward, we find it rapidly increase in height, 
until it reaches an average of about 7000 feet. Several 
summits, however, rise far above the snow-line, and about 
the parallel of 52** N. Mount Brown and Mount Hooker 
attain an elevation of nearly 16,000 feet. 

Coast Bange. — The mountain-system which bounds the 
zone of table-lands on the west runs, under various names, 
from the peninsula of California on the south, to that of 
Alaska on the north. At first it bears the name of 
Sierra de Lucia, and consists of a single ridge ; but in 
latitude 35° it splits into two branches, and encloses the 
valley drained by the Sacramento, and its feeder, the San 
Joaquin. The two ranges are known respectively as the 
Coast Range and the Sierra Kevada, the latter, as its 
name implies, rising into the regions of eternal snow. The 
western slope of the Sierra Nevada is the great gold region 
of California. Eastward, as far as the Rocky Mountains, 
extends the Oreat Salt Desert of Utah. This region con- 
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sists of almost barren steppes, elevated from 4000 to 5000 
feet above the sea, and covered in some places with 
incrustations of salt. It is crossed from north to south by 
several parallel mountain -ridges, has few streams, but in- 
numerable lakes, most of which are salt. The region is, 
however, rich in silver, and, as it is crossed by the Pacific 
Railway, is already becoming the abode of a busy population. 

Northward from the parallel of 42°, the coast chain is 
known as the Cascade Range, and, in the volcanic summit 
of St Helen's, attains an elevation of 14,000 feet. North 
of the Fraser a great portion of the chain rises above the 
snow-line, and here are some magnificent glaciers, one of 
which — at the head of Bute Inlet — is ten miles long, and 
three-quarters of a mile across. Still further north, on the 
border of the province purchased from Russia by the 
United States, Mount Fairweather and Mount St Elias 
both approach 15,000 feet in height. 

Passes. — The discovery of gold in California and British 
Columbia has led to a careful examination of the Rocky 
Mountains, with the view of finding passes available for 
railway communication. In British territory, there are 
several such passes : the Kutanie Pass, in latitude 49° 20', 
is 6100 feet high ; the Vermilion Pass, further north, does 
not reach an elevation of 5000 feet ; while the Yellow Head 
Pass, about the parallel of 53°, has an altitude of only 
3760 feet. The scenery here is magnificent : " The situ- 
ation is grand and striking beyond description. At the 
bottom of a narrow rocky gorge, whose sides were clothed 
with dark pines, or, higher still, with light green shrubs, 
the boiling, impetuous Fraser dashed along. On every side, 
the snowy heads of mighty hills crowded round ; whilst, 
immediately behind us, a giant among giants, and immeas- 
urably supreme, rose Robson's Peak. The magnificent 
mountain is of conical form, glacier-clothed, and rugged. 
When we first caught sight of it, a shroud of mist partially 
enveloped the summit ; but this presently rolled away, and 
we saw its upper portion dimmed by a necklace of light 
feathery clouds, beyond which its pointed apex of ice, 
glittering in the morning sun, shot up far into the blue 
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heaven above to a height probably of 10,000 or 15,000 
feet." (Milton and Cheadle, North- West Passage hy Land. ) 

Pacinc Bailway. — The passes across the Rocky Moun- 
tains in the territory of the United States are much higher 
than those in British territory ; yet the Americans, with 
characteristic energy, have constructed a line from the 
Mississippi to the Pacific, and have commenced a second. 
The Pacific Railway starts from Omaha, on the Missouri, 
and runs almost due west to Chyenne, at the foot of the 
Rocky Mountains. This place stands at an altitude of 
7000 feet above the sea, and the line makes a further 
ascent of 1400 feet in the next thirty miles. From 
Sherman, at the head of the Pass, the line descends 
gradually to the Salt Lake Valley, where the height is 
4300 feet. In crossing the desert, it rises again to 6000 
or 7000 feet, but sinks to 4000 at the foot of the Sierra 
Nevada. This range it crosses at an elevation of 7000 
feet, and then makes a steep descent of 105 miles to 
Sacramento, the train running down to sea-level mainly 
by its own weight. The total distance from Omaha to 
Sacramento is 1908 miles, and the journey is accomplished 
within five days. The Americans are now engaged in 
constructing a North Pacific line from the western extrem- 
ity of Lake Superior to Puget Sound ; and it is also in 
contemplation to build a southern line, which shall pass 
through Santa Fe. 

Though the passes in the United States are much higher 
than those further north, yet none of the summits attain 
the elevation of Mount Hooker or Mount Brown. The 
culminating points in this part of the Rocky Mountains are 
Fremonis Peak and Long^s Peak. The former reaches an 
elevation of 13,500 feet, the latter nearly as much. James 
Peak, and one or two other summits further south, also 
appear to reach the snow-line. At Santa F6 there is a 
break in the parallel ridges which form the moimtain-chain; 
and here, until the construction of the Pacific Railway, was 
the most frequented pass in the whole system. South of 
Santa Fe the Rocky Mountains merge into the table-land 
of Mexico. 
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The Great Central Plain of North America extends 
from the Rocky Mountains to the AUeghanies, and from 
the Arctic Ocean to the Gulf of Mexico. Its length from 
north to south is about 3000 miles, and it covers an area 
of 3,250,000 square miles. In the southern part the land 
descends in terraces from the Rocky Mountains, but north 
of the Arkansas these terraces give place to long rolling 
slopes. About the parallel of 50°, there is a ridge of 
ground of no great elevation, which forms the watershed 
between the Mississippi and the Saskatchewan ; and from 
this ridge the land slopes gently to the Gulf of Mexico on 
the one hand, and to Hudson Bay on the other. 

In the south a belt of sandy desert stretches as far north 
as the 41st parallel, and with a less sterile character, as far 
as the boundary line of British territory. The extreme 
north also, beyond the limit of trees, is occupied by barren 
lands, alternately frozen or covered with swamps and 
marshes ; but, upon the whole, the Great Plain is extremely 
fertile. In British territory, the country in its natural 
state was covered with forests, which afforded shelter to the 
fur animals, and to various kinds of deer. In Canada 
these forests have been to a considerable extent cleared by 
the settlers; and in the basin of the Saskatchewan large 
tracts of timber have been burnt by the Indians, the result 
being a fertile belt of park-like country, which occupies 
almost the whole basin of that river. The eastern side of 
the Mississippi also, between the river and the AUeghanies, 
is mostly covered with trees. The Ohio flows for hundreds 
of miles through magnificent forests, where the tulip tree, 
the cypress, the maple, black walnut, American plane, 
hickory, and magnolia, spring out from an undergrowth of 
azaleas, rhododendrons, and other flowering shrubs. To 
the west of the Mississippi is the region of the prairies, 
where in some places the plains are so level that, viewed 
from a distance, they exactly resemble the sea, and the 
horizon is like that of water. The Kansas State is in the 
very centre of the prairies. Further south, as in Texas, 
the grassy plains are interspersed with groups of magnolias, 
tulip, and cotton trees. At the mouth of the Mississippi, 



NORTH AND SOUTH AMERICA. 101 

there are marshes which cover an area of 35,000 square 
miles ; to the west, crops of sugar-cane, cotton, and indigo 
are raised ; to the east, " pine barrens" stretch far into the 
interior, and occupy the whole coast from Pearl River 
to Florida. These are tracts of sand covered with forests 
of gigantic pine trees, which are also met with in other 
parts of the United States. 

The Alleghany or Appalachian Mountains separate the 
central plain from that which lies along the Atlantic coast. 
The mountains rise from a table-land, from 1000 to 2000 
feet in height, which stretches for a distance of about 1000 
miles from the river St Lawrence to the source of the 
Alabama. This table-land is traversed by from three to 
five parallel ridges of hills, seldom more than 3000 or 
4000 feet high, separated by fertile valleys. These vari- 
ous ridges have different names. The Blue Mountains 
he nearest to the Atlantic; in New York this ridge is 
known as the Catskill Mountains ; in Vermont, we have 
the Oreen Mountains^ and in New Hampshire, the White 
Mountains; under this title also the ridge is continued 
through Canada to Point Gasp6, in the Gulf of St Law- 
rence. Various offshoots spread over New Brunswick and 
Nova Scotia; and the Mealy Mountains^ which run from 
the banks of the Saguenay to Lake Superior, as well as the 
Wotchish Mountains^ farther inland, may be considered as 
forming part of the system. The culminating point in the 
Alleghanies is Mount Washington, which, in New Hamp- 
shire, attains an elevation of 6600 feet. 

The Atlantic slope^ between the Alleghanies and the 
sea, is of considerable width at its southern extremity, 
where it connects with the central plain ; but, as it pro- 
ceeds northwards, its breadth decreases, and the mountains 
come down close to the shore. The soil is in general of 
the greatest fertility, except where pine barrens and 
swamps prevail. The principal of these wastes is the 
Dismal Swamp, which lies south-west of Chesapeake 
Bay. More than twenty-three rivers of considerable size 
enter the sea between New York and New Orleans. 

Mexico. — South of Santa Fe, the two ridges which form 
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the Rocky Mountains open as they proceed southward, and 
enclose a plateau which stretches for about 1000 miles from 
north to south ; but, about the 21st parallel, the two ridges 
converge, and subside in the table-land. The eastern ridge 
is known as the Cordillera of Gohahuela and Potosi, and 
is but the eastern edge of the plateau ; the western ridge, 
known as Sierra Madre, is of greater elevation, and is 
celebrated for its silver mines. The plateau enclosed by 
these ridges, and which is sometimes termed the plateau of 
Chihuahua, to distinguish it from that of Anahuac, further 
south, is, for the most part, a barren desert, the soil being 
largely impregnated with nitre, soda, and other salts. 
Further south, the plateau increases in elevation, and 
the soil improves in quality. A strip of flat land lies 
round the Gulf of Mexico, and the ascent to the table- 
land is very Bteep. West of the Sierra Madre lies the 
plateau of Sonora, which has a gentle descent to the 
Pacific. It is said that the road from Mexico to Santa 
Fe, a distance of 1600 miles, is either over a dead level or 
gentle undulations. South of Mexico, the plateau is crossed 
from east to west by a range of volcanic summits, already 
referred to. These include Orizaba and Popocatepetl, both 
of which exceed 17,000 feet, the latter being the highest 
moimtain in North America. South of this line of simi- 
mits, the table-land rapidly diminishes in elevation. 

Central America. — The isthmus of Tehuantepec is about 
140 miles across, and, to the south of it, rises the plateau 
of Guatemala, which spreads over the peninsula of Yucatan, 
and is covered with rich, grassy savannahs and magnifi- 
cent forests. The plateau has a mean elevation of 5000 
feet, but it slopes gently to the east. In the south, the cities 
of Old and New Guatemala are situated twenty-four miles 
apart ; and here rise the three volcanoes, Pacaya, Del 
Fuego, and Del Agua. The Volcano del Agua occa- 
sionally pours forth torrents of boiling water, and Old 
Guatemala has twice been destroyed by it. It is a per- 
fect cone, verdant to the summit, and reaches an elevation 
of 15,000 feet. A low plain separates the table-land of 
Guatemala from Honduras, which consists for the most 
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part of plateaux and high mountains, some of which are 
active volcanoes. It appears from recent surveys, that 
there is a practicable route for a railway across Honduras, 
through the valleys of the Humaya and Goascoran. The 
distance is only 220 miles, and the route would connect 
Port Cortez, on the Atlantic, with Fonseca, on the Pacific, 
both first-rate harbours. It has also been proposed to 
establish water communication between the Atlantic and 
Pacific by means of Lake Nicaragua and the river San 
Juan, which flows out of it. The lake is connected by 
a stream with the smaller Lake of Leon or Managua, 
whence the distance to the Pacific is only about twenty 
miles. The plain of Nicaragua occupies an area of 30,000 
square miles. The lake is only 125 feet above the Pacific. 
The plateau of Costa Rica is of small extent, but of con- 
siderable elevation ; through it runs the Cordillera of 
Veragua, which is said to be 9000 feet in height. The 
highest point in the Isthmus of Panama, however, is only 
299 feet, and the railway traverses it by a tunnel about 
forty feet below this level. 

West Indian Islands. — Some geologists suppose that 
Central America once stretched over the space now covered 
by the Gulf of Mexico and the Caribbean Sea, and that the 
West India Islands are but the rocky crests of a chain of 
mountains which once formed the eastern boundary of this 
vast area. There is no evidence to show, however, that 
this part of the New World is the remains of submerged 
land ; what evidence there is points the other way, for the 
whole region is volcanic, and the only coral formations met 
with are fringing reefs. 

The chain of islands to which the term West Indies 
is applied stretches from the peninsula of Florida to the 
mouth of the Orinoco, and is divided into three groups, 
called respectively the Bahama Islands, the Greater Antilles, 
and the Lesser Antilles. The Bahamas form a group of 500 
islands, many of them mere rocks. With one exception — 
the island of Inagva — they are all low and flat, and they 
are surrounded by a labyrinth of shoals and cpral reefs. 
Some of the islands are well wooded, the principal trees being 
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mahogany, satin-wood, lignum-vitse, cedars, and pines; 
others are quite barren. WatUng^s Island^ or San Salvador^ 
is supposed to have been the first spot in the New World 
at which Columbus landed. The Greater Antilles include 
the four largest islands in the Archipelago, Cuba, Jamaica, 
Hayti or Dominica, and Porto Bico. All these islands are 
mountainous, and rich in mineral wealth. Cuba produces 
abundance of copper ; Hayti, gold, silver, platina, iron, and 
quicksilver; gold, copper, and lead are also met with in 
Porto Rico. Jamaica is chiefly devoted to sugar planta- 
tions. The Lesser Antilles extend in a semicircle from 
the Virgin Islands to Trinidad, and are subdivided into 
Windward and Leeward Islands, the former lying to the 
south, the latter to the north of Dominica. These islands 
for the most part have rocky and deeply indented shores, 
especially towards the east, where they are exposed to the 
waves of the Atlantic ; and, in the interior, there is gene- 
rally either a single mountain or a mountain group. The 
Virgin Islands are small and flat, some only a few feet 
above the sea, and most of them consisting of mere rocks 
of coral. Most of the islands of the Lesser Antilles, indeed, 
are surrounded by coral reefs, which render navigation 
difficult. 

SOUTH AMERICA.— The structure of the South 
American continent is very simple. It consists of the 
coast chain of the Andes, and of two groups of mountains 
lying to the east, the mountains of Guiana and the moun- 
tains of Brazil. These two groups divide the eastern 
plains into three parts : the regions of the Llanos, the 
Selvas, and the Pampas respectively. 

The Andes run through the entire continent, from north 
to south, for a distance of between 4000 and 5000 miles. 
The chain varies greatly in breadth, being sometimes only 
30 or 40 miles across ; in others, it covers, with its valleys 
and branches, a breadth of 500 miles. It is remarkable 
for the mountain masses called " knots," which often join 
parallel chains together, thus breaking up the long longi- 
tudinal mountain valleys into table-lands of greater or less 
extent. 
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Commencing in the north, we find that the system con- 
sists of three chains, which unite in the knot of Las Papas^ 
about the second degree of north latitude. The coast chain, 
called the range of Choco, is the least in elevation, but it 
rises up so abruptly from the shores of the Pacific that it is 
very difficult of access, and goods are carried from the coast 
across the mountains on the backs of porters. The central 
ridge, or Cordillera of Quindiu, is the loftiest of the three. 
Its mean elevation exceeds 12,000 feet, and the Nevada 
de Tolima rises to 18,315 feet. This chain divides the 
valley of the Magdalena from its affluent, the Cauca, and, 
notwithstanding its altitude, two good roads lead across it. 
The first connects the town of La Plata, in the valley of 
the Magdalena, with Popayan, and attains, in its highest 
point, an elevation of 14,700 feet. The second is the Pass 
of Quindiu, on the road from Santa Fe de Bogota, through 
Ibague, to Cartage on the Cauca. The eastern Cordillera, 
called the Sierra de la Summa Paz, runs north-east through 
New Granada, and is connected with the coast range of 
Venezuela, The road which crosses this chain from Santa 
Fe de Bogota passes through a great natural crevice, which 
is spanned by two bridges, formed of fallen- rocks jammed 
together. The isolated summit of Santa Martha^ 19,000 
feet in height, may be regarded as an outlier belonging to 
the eastern Cordillera. 

From the parallel of 2° north to that of 21** 30" south, the 
Andes consists of a double chain, which encloses a series of 
mountain valleys or table-lands, separated from each other 
by transverse ridges or mountain knots. These plateaux, 
though placed at elevations of 10,000 or 12,000 feet above 
the sea-level, yield abundant crops of every kind of Euro- 
pean grain, and in both ancient and modem times have 
been the seats of thriving towns and populous cities. One 
of the finest of these mountain valleys is that of Quito. A 
little south of Las Papas is the knot of Los Pastes ; from 
this spot a double chain runs southward to the mountain 
knot of Loxa. The valley enclosed is divided into three 
portions by cross ridges ; in the south we have the elevated 
plain of Cuen^a, next that of La Tapia, and in the north the 
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Valley of Quito, This valley has a mean elevation of 
10,000 feet; it is about 200 miles in length, from north 
to south, and about 30 miles wide. In the eastern chain 
rise the snow-capped summits of Antisana and Cotopaxi; 
and in the western Cordillera, Chimborazo, which exceeds 
21,000 feet in height. Quito, the capital of the republic of 
Ecuador, stands at the base of Pichincha, at an elevation of 
9540 feet. It is well built, is adorned with rich churches, 
possesses a university, and has a population of 70,000. 
The soil is in general fertile, and the climate perpetual 
spring. 

The Peruvian Andes, which extend from the knot of 
Loxa to the knot of Cusco, or from 5° to 1 5° south latitude, 
may be divided into four parts. First we have three ridges 
forming the valleys of the Maranon and Huallaga, next the 
plateau of Pasco, then the valley of the Jauja, and lastly 
the plateau of Cusco. The valley of the Maranon is very 
steep. The stream at its source has an elevation of 12,000 
or 14,000 feet, but in its course northwards it descends by 
a series of rapids, until it reaches an elevation of 3000 feet 
only. Here the climate is hot, and the vegetation strictly 
tropical. The valley of the Huallaga also rises rapidly 
towards the south. The western of the three chains which 
here form the Andes is bare of trees ; the central ridge is 
only sparsely timbered ; but the eastern Cordillera is thickly 
clothed with forests, and here the cinchona abounds. The 
Table-land of Pasco is the highest inhabited part of the 
Andes. It extends from north to south for a distance of 
about 60 miles, and is crossed by low ridges of hills, which 
leave level grounds between. These level tracts are 
14,000 feet above the sea, and are only inhabited by per- 
sons engaged in the rich silver-mines. They yield a scanty 
pasture, which supports sheep and llamas. The surface of 
the plateau is covered with numerous and deep lakes, which 
give rise to the Maranon, Huallaga, and other streams. 

From the plateau of Pasco the country dips down to the 
valley of the Mantaro, a feeder of the Apurimac ; it then 
rises by a steep slope to the plateau of Cusco. The head 
stream of the Mantaro is the Jauja, which drains a fine 
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valley forty miles in width, one of the most fertile and most 
populous districts in Peru. South of the Mantaro, the valley 
also contains tracts of great fertility, and the sugar-cane 
and other tropical produce is raised. The land rises, how- 
ever, very rapidly, and the town of Cusco stands at an 
elevation of 11,380 feet. Cusco was the capital of the 
ancient empire of the Incas, and still retains some ruins 
which indicate its former splendour. 

The Bolivian Andes extend from the knot of Cusco to 
that of Lipez, about 22° south, and enclose the Valley of 
the Desaguardero^ which covers an area of 150,000 square 
miles. The valley is bounded on the west by the Cordil- 
lera of the coast, on the east by the Bolivian Cordillera. 
The coast range is volcanic, and contains the active cone 
of Arequipa, 18,373 feet in height, and the summit of 
Chuquibamba, which rises 21,000 feet above the sea-level. 
The Bolivian Cordillera is one of the most magnificent 
mountain-ranges in the world. From the plateau of Cusco 
a continuous range of snowy peaks runs south to TUimani, 
which rises to an elevation of 21,000 feet, and the ice 
descends on its sides five thousand feet from the summit. 
Sorata, to the north of lUimani, has an elevation of 21,200 
feet. The valley of the Desaguardero, lying between these 
ridges, has an elevation of about 13,000 feet. The north- 
em part of the valley is occupied by Lake Titicaca, which 
covers 7000 square miles, and has an elevation of 12,844 
feet above the sea. The shores and islands are celebrated 
in the history of the Incas. The Desaguardero, which 
issues from the southern extremity of the lake, runs south- 
ward through nearly the whole extent of the valley, and 
loses itself in Lake Uroo, which is said to have no outlet. 
Potosi, the highest city in the world, stands at an absolute 
elevation of 13,300 feet, at the foot of a mountain celebrated 
for its silver-mines. Chuquisaca, the capital of Bolivia, 
lies a little to the north-east of Potosi. 

The whole coast of South America, from the Tropic to 
Cape Horn, is now claimed by Chili ; and throughout this 
vast distance the Andes consists of one main chain. From 
22* to 28** south latitude, the Andes increase considerably 
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in breadth, and form a high mountainous track called the 
Despohlado Andes, which is bounded on the south-east by 
the mountains of Salta and Jujuy. More than one-third 
of this area is occupied by a region called El Despoblado 
(the Uninhabited). It is elevated about 13,000 feet above 
the sea, and the small number of families dispersed over its 
surface gain a subsistence by killiug vicuanas, alpacas, 
guanacoes, and chinchillas; and by collecting gold and salt. 
This desolate track is bounded on the eastern and southern 
sides by other districts scarcely less elevated and sterile. 
The western side of the Andes, in this latitude, is bounded 
by the Desert ofAtacama, a region of desolate sands and 
bare rock, without water or vegetation. 

In latitude 32° 39' rises the Nevada of Aconcagua, the 
highest summit in the New World. It towers above a 
village of the same name to the height of 23,910 feet. 
From the neighbourhood of Santiago to the island of 
Chiloe a chain of hills borders the coast ; and between this 
and the Andes is a well- watered valley, which has been 
called " the garden of Chili." South of Chiloe the coast 
is very similar to that of Norway. It is guarded by a chain 
of rocky islands, and deeply indented with fiords which 
run far up into the hearts of the mountains, ending often 
in tremendous glaciers. The mountain-sides, as well as 
the islands, are here thickly clothed with pines and aura- 
carias. Still further south, in the archipelago of Tierra del 
Fuego, the flanks of the mountains are covered with forests 
of brown beech, which never change their dusky hue. 
The mountains here attain in Mount Darwin an elevation 
of 6800 feet, and glaciers descend from its southern slope. 
Farther south the heights rapidly descend to mere hills. 

The Paxim^ system of mountains rises from a table-land 
not more than 2000 feet above the level of the sea. This 
table-land extends from east to west for a distance of 600 
miles, and is enclosed by the Orinoco, the Rio Negro, the 
Amazon, and the Atlantic. The plateau is crossed by 
several parallel ranges, which leave flat savannahs between. 
Tlie chief range is the Sierra del Parime, which culminates 
in its western part in Mount Maravaca^ 8200 feet in height. 
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Mount Roraima, in the eastern part of the same chain, 
reaches an elevation of 8000 feet. The Orinoco rises on 
the northern side of the Parime chain, and in making its 
way to the south and west forms a series of magnificent 
rapids and cataracts. All the mountains and ridges in the 
Parime system are thickly clothed with forests. 

Mountains of Brazil. — The table -land of Brazil is 
triangular in shape, the base extending along the shore of 
the Atlantic from Cape Roque almost to the mouth of the 
La Plata, and the apex reaching the banks of the Madeira, 
about 10° south latitude. No part of the plateau is more 
than 2500 feet in elevation, and it is crossed by low ridges 
of mountains, most of which have a direction from north- 
east to south-west. The range nearest the coast is called 
the Serra do Mar ; next to this, and joming on to it about 
the parallel of 22° 30^ south latitude, is the Serra Espin- 
haqo, which runs northward to the mouth of the San Fran- 
cisco. At the northern extremity of the Serra do Mar, 
and in the neighbourhood of Rio de Janeiro, is the group 
called Serra dos Orgaos, celebrated for its picturesque 
beauty. One of the summits is said to attain an elevation 
of 7700 feet. The culminating point in Brazil, however, 
is the sunmiit of Itambe^ in llie Serra Espinha^o, which 
reaches a height of 8400 feet. 

West of the San Francisco is the Serra Tabatinga, and 
still further west is the Cordillera Grande. Along the 
southern edge of the plateau, and forming a watershed 
between the basins of the Amazon and La Plata, is the 
Serra dos Vertentes ; its greatest height is 3500 feet above 
the sea-level. 

The table-lands of Guiana and Brazil, it has been already 
said, divide the plains of South America into the Llanop, 
Selvas, and Pampas. The last stretch from the 20th 
parallel to the Strait of Magellan, but it is usual to restrict 
the term to the region immediately south and west of 
Buenos Ayres, extending from 33° south latitude to the 
banks of the Colorado. Farther northward, and on the 
west side of the Parana, a great part of the country is 
desert. El Chran Chaco extends from the extreme north 

H 



110 PHYSICAL QEOGRAPHY. 

of the Argentine States to the Rio Salado. The most 
northern part appears to be pretty well wooded, and is 
inhabited by a number of independent tribes, mostly of 
Indian origin. Farther south, between the parallels of 26° 
and 30*", there is a complete desert; the soil is sandy, and 
in many places covered with incrustations of salt No 
part of it produces grass, but some tracts are covered 
with stunted prickly trees. It is uninhabited, except on 
the banks of the Rio Salado. 

Between the parallels of 80** and 33** the country im- 
proves. From Cordova eastward to the Parana the surface 
is hilly or undulating, and when irrigated produces good 
crops of Indian corn ; but west of Cordova the coimtry is 
almost bare of grass, owing to the want of rain. The 
characteristics of the Pampas have been already noticed. 
The plains of Patagonia consist of a series of terraces rising 
up from the shore to the Andes, though the highest of 
these platforms is only 3000 feet above the sea-level. The 
surface is a desert of shingle, occasionally diversified by 
tufts of brown grass, or a few prickly shrubs. Salt lakes 
and saline incrustations are numerous, and the rivers, flow- 
ing through deep ravines, fail to fertilize the soil. These 
dreary regions are inhabited by a race of men perhaps the 
tallest on the face of the globe. Their chief subsistence is 
the flesh of mares, emus, and guanacoes, with two wild 
roots which are found in tibese barren wastes. 

The area of North America is about eight millions 
square miles ; of South America, about seven millions. 



AFRICA AND AUSTRALASIA. Ill 



CHAPTER IX. 
Africa and Australasia* 

AFRICA is connected to the continent of Asia by the 
Isthmus of Suez, but at two other points — the Strait of 
Gibraltar and the Strait of Babelmandeb — ^it approaches 
the continents of Europe and Asia respectively. Its length, 
from Cape Bianco on the Mediterranean to Cape Agulhas, 
is 5000 miles ; and its breadth, from Cape Verde to Cape 
Guardafui, b nearly as much. Area, 12,000,000 square 
miles. 

It has been remarked in a former chapter, that Africa 
and Australia differ from the other continents in internal 
structure ; the principal mountain- chains lie round the coast, 
leaving a basin-like depression in the interior. This is the 
general character of these continents ; when, however, we 
come to examine Africa more in detail, we find that there 
are several well-defined subdivisions, which it will be 
convenient to notice. The characteristic feature in the 
north is the Sahara, with an average elevation of not more 
than 2000 feet. To the south of this is a table-land of 
about twice that elevation, which extends southward to 
Cape Colony, and is flanked by hill-ranges that, on the east 
coast, rise to a considerable height. From the neighbour- 
hood of Kilimandjaro, about 3° south of the equator, a belt 
of high ground stretches to the north-west, separating Lake 
Tanganyika from the Albert Nyanza, and is probably con- 
tinued to the Peak of Cameroons, on the shores of the Gulf 
of Guinea. The country between this line of watershed 
and the Sahara we may term the region of the Nile and 
the Niger. About 12** south of the equator another water- 
shed has been made known to us by the discoveries of 
Livingstone, separating the region of ttie Cowgci ow ^^ 
north from that of the Zambesi on the soufti. \fi«XV^^ ^'^ 
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Kalahari Desert separates the region of the Zambesi from 
that of the Orange River and Limpopo. 

The Atlas Monntains, it has been already remarked, 
seem to belong rather to Europe than to Africa. The 
system covers a large tract of country extending from Cape 
Nun to the Gulf of Cabes, and occupies an area of 500,000 
square miles. It consists of two ranges of mountains, with 
a high plateau between. The Greater Atlas rises up from 
the Sahara to a considerable elevation, and Mount Miltsirtj 
in Morocco, reaches a height of 11,400 feet. The Lesser 
Atlas commences at Cape Spartel, in the Strait of Gibraltar, 
and may be traced as far as Cape Bon, gradually diminish- 
ing in height, however, as it runs towards the east. Be- 
tween these two chains there is an elevated table-land, rich 
in rivers and valleys, with a delightful climate and a fertile 
soil. This table-land rises in a succession of terraces to 
the Greater Atlas, and is crossed by a series of ridges 
parallel to it. 

The Sahara. — From the Atlas Mountains to Lake Tchad, 
and from the Atlantic to the Nile, extends the Desert of 
Sahara. In the west a tract equal to the area of the 
Mediterranean, and in some parts of a lower level, is 
covered with trackless sands, which are prolonged for miles 
into the Atlantic Ocean in the form of sandbanks. In the 
centre of the Sahara there are several plateaux of consider- 
able extent, which are refreshed by showers from the 
Mediterranean, and produce an abundant vegetation. Fur- 
ther east there are oases of greater or less extent, produced 
by springs of fresh water. These oases are generally 
depressed below the ordinary level of the desert. The 
smaller ones produce herbage, ferns, acacias, and shrubs ; 
the larger, forests of palm-trees, which aflFord shelter to 
lions, panthers, gazelles, birds, and reptiles. A remarkable 
string of oases is found in a deep furrow which lies a little 
to the west of the valley of the Nile and parallel to it. 
It contains the oases of Darfur, Selimah, the Great and 
Little Oases, and the Valley of the Natron Lakes, where the 
early Christian monks found a retreat in the second cen- 
tury. The district between the Nile and the Red Sea, 
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known as the Nubian Desert, is of greater elevation than 
the Sahara. There is also a high tract of rocky ground 
on the west side of the Nile for a considerable distance. 

Eegion of the Nile and Niger. — The region immediately 
south of the Sahara is not well known. A few isolated 
summits appear to rise from the northern edge of the 
southern plateau, and among these Mount Mindif, south of 
Lake Tchad, attains an elevation of 6000 feet. West of the 
Niger the coast range is known as the Kong Mountains, but 
their height is inconsiderable. The country drained by 
the Senegal and Niger teems with vegetation, but the 
swampy coast is very unhealthy. From the explorations 
of Denham, Barth, and others, we learn that the country 
to the south of Lake Tchad is of extraordinary fertility, 
abounding in fruitful fields, populous villages, and beautiful 
cattle. Lake Tchad has no outlet, but is fed by several 
important streams, among them the Shary, which has been 
compared to the Nile in the volume of water which it 
contains. Dr Schweinfurth thinks he has discovered the 
source of tliis stream in the Blue Mountains, which bound 
the western shore of the Albert Nyanza. This enterprising 
traveller, having explored the tributaries of the Bahr-el- 
Ghazal, crossed a line of watershed and struck upon a 
stream named the Uelle, which had a direction towards 
the north-west. This stream he thinks is the upper course 
of the Shary. 

The point where Dr Schweinfurth crossed the Uelle is 
3* 37' N. lat , and 28° 10' E. long. Westward of this point 
is, up to the present time, almost entirely unknown. M. 
Du Chaillu has twice attempted to penetrate the interior 
from the mouth of the Ogowai, but he has not succeeded in 
advancing beyond the 13th meridian. From that spot the 
country appeared to slope eastward, and the natives spoke 
of a large river flowing to the south, probably the Congo. 
Du Chaillu describes the country through which he passed 
as being covered with an immense forest, while here and 
there prairies, looking like islands, are found in the midst of 
the dark sea of everlasting verdure. These dark forests are 
the favourite haunts of the gorilla and other large apes ; but 
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animal life, upon the whole, is not abundant. To the north 
of the Ogowai the coast chain is known as the Sierra del 
Crystal, and varies in height from 500 to 2000 feet. 
Further north, however, the Cameroon Mountains attain a 
much higher elevation, and the Peak of Cameroqns rises 
to a height of 13,000 feet. It is very probable that a line 
of watershed, perhaps of no great elevation, runs south-east 
from the Cameroon Mountains to the Blue Mountains, and 
separates the basin of the Congo from those of the Niger 
and Shary. 

Between the Albert Nyanza and Tanganyika there is 
a ridge of high mountains, which culminates in Mount 
Mfumhiro, which has an elevation of 10,000 feet ; and the 
line of watershed then runs east to KilimandjarOj which 
exceeds 20,000 feet in height, and is the loftiest summit 
in the African continent. Considerable doubt has some- 
times been cast upon* the height assigned to this moun- 
tain, as some have questioned whether it did really rise 
above the snow-line. This question has, however, been 
settled by the Rev. Charles New, a missionary stationed 
in Eastern Africa, who, m the summer of 1871, actually 
ascended the mountain as far as the snow-line. To the 
north of Kilimandjaro there is another summit, Mount 
Kenia, which reaches an elevation of 18,000 feet. From 
this point a ridge of high ground leads to the Plateau of 
Abyssinia. From what we know of the country lying to the 
north of the Victoria Nyanza, and to the east of the White 
Nile, it would appear to present a great contrast to the 
western side of Equatorial Africa. Sir Samuel Baker 
describes the country through which he passed in 1863 as 
presenting, for the most part, an aspect of park-like scenery, 
abounding in large game, including elephants, rhinoceroses, 
giraffes, and wild boars. 

Abyssinia. — ^The north-eastern edge of the plateau of 
Abyssinia is separated from the Red Sea by a level tract 
about thirty miles in width. From this plain, the table- 
land rises suddenly to a height of 8000 or 9000 feet, but 
scopes towards the banks of the Nile, where it presents an 
edge 3000 feet in height. The surface ia covered with 
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lakes, twampSy verdant meadows, and cultivated fields, but 
is eyeiywbere cut up into deep channels by the Blue Nile 
and its tributaries ; and the soft material thus eroded is 
carried down in the annual floods to fertilize Egypt. The 
surface of the plateau is further diversified by isolated 
mountain masses, which rise in several places ; these masses 
have in many cases been fortified, and present almost im- 
pregnable positions. Such a fort was Magdala, against 
which an English expedition was sent in 1868. It was 
built on a mass of basioltic rock, with perpendicular sides. 
The top of this huge mass is two miles long, and about 
half a mile broad, and it rises 9000 feet above the sea-leveL 
Abba Jarretj which Is generally considered the highest 
summit in Abyssinia, has an elevation of 15,088 feet ; Ras 
Detschen, however, is said to reach 15,986 ifeet. 

Region of fhe Congo. — ^The interior of Africa from the 
parallel of Kilimandjaro to 10** or 12'' south latitude, has 
been made known to us mainly through the explorations of 
Burton, Speke, and Livingstone. The whole seems to be 
a plateau varying from 2000 to 4000 feet in elevation, 
flanked by coast ranges of moderate height. After passing 
the east coast range, the country declines gradually to 
Tanganyika, which lies at an elevation of about 3000 feet. 
West of the Tanganyika, the surface descends to the valley 
of the Lualaba, which Livingstone found to have an eleva- 
tion of 2000 feet only. East of Tanganyika, tobacco, 
cotton, and various useful plants, are cultivated by a 
peaceful race of negroes, who manufacture cotton and iron, 
and are rich in herds of cows and goats. West of the lake 
the country is inhabited by various tribes of the Manyema, 
a fine race of men, with copper-coloured complexions, and 
well-formed heads. The country is covered with a primeval 
forest, except where it has been cleared in the immediate 
neighbourhood of the villages. Vegetation is indescribably 
rank, the grass being sometimes ten or twelve feet high, 
and the stalks more than half an inch in diameter. Coffee 
is cultivated, but not cotton. The clothing is a kind of 
grass doth, made from the leaf of a palm tree. The men 
are akiUed workers in iron and copper. M.axk.e\,% ^^ \i^\d. 
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at stated times, and the women attend them, dressed in 
their best. They are light-coloured, have straight noses, 
small hands and feet, and perfect forms. The watershed 
which separates this district from the basin of the Zambesi 
is a broad upland, between lO** and 12'' south latitude, and 
from 4000 to 5000 feet above the sea. Individual summits 
in various parts reach a height of 6000 or 7000 feet. 
Along this watershed there is a perfect network of springs 
and rivulets. The streams, however, are soon reduced to 
two or three main channels, which ultimately unite in the 
^ Lualaba. This stream Livingstone supposed to be identical 
with the Nile ; but the discoveries of Cameron and Stanley 
prove that it is the upper course of the Congo, which, after 
flowing northward beyond the equator, sweeps round to 
the south-west. 

Begion of the Zambesi. — ^That portion of Africa which 
lies between 10" and 20** south latitude, belongs almost 
entirely to the basin of the Zambesi, and is inseparably 
linked with the name of Livingstone. In 1849, he visited 
Lake Ngami, having travelled from the mission station at 
Kolobeng. Three years later, he set out to explore the 
Zambesi ; and after travelling from Linyanti to Loanda on 
the west coast, he followed the Zambesi, on his return, 
from its source to its outlet at Quilimane. Everywhere he 
met with a rich and fertile country, extensive pastures 
covered with thousands of cattle, and elephants, buffaloes, 
zebras, giraffes, antelopes, and wild hogs, in great abund- 
ance. The Barotse Valley, as the upper part of the Zambesi 
is called, is exceedingry fertile. Two crops of com can be 
raised in a year ; and although fever is prevalent, owing to 
the vast tracts which are annually inundated, it is almost 
the only disease which is known there. 

In 1859, Livingstone discovered Lake Nyassa, which 
almost rivals Tanganyika in size. It extends northward 
almost to the 10th parallel ; and at its southern extremity 
it is drained by the Shir6, a feeder of the Zambesi. After 
a brief stay in England, Livingstone returned to Africa 
in April 1866, where he remained until his death at 
Ilala, May 4, 1873. He first explored the course of 
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tbe river Rovnma, which empties itself near Cape Delgado. 
He then traversed the mountain-range which encloses Lake 
Nyassa on the east, and reached the southern extremity of 
the lake. . Ascending the mountain-range to the west of the 
Nyassa, he found himself on a plateau having an elevation 
of about 5000 feet Here he experienced a cold, moist 
climate, a country covered with forest, but destitute of 
game ; and almost the only food to be obtained were huge 
mushrooms, which grew in great abundance. Livingstone 
and his companions suffered much from hunger and fatigue 
in traversing the dripping forests that clothe this plateau. 
On descending, however, to the lower level, in which lie 
the lakes drained by the Lualaba, food was again plentifuL 
The Kalahari Desert^ which extends from Lake Ngami 
to the Orange River, is remarkable for its scarcity of water, 
and its abundance of vegetable and animal life. Consider- 
ing the very little rain which falls, the quantity of grass is 
astonishing. It usually rises in tufts, with the intervening 
spaces filled by creeping plants. The number of those 
having tuberous roots is great ; and from these roots the 
natives extract a cooling fluid in the hottest seasons. The 
most remarkable plant of the desert, however, is the water 
melon, which, after an extra fall of rain — ^which happens 
every ten or eleven years— covers large tracts of country. 
These melons are devoured with avidity not merely by 
man, but by the elephant, rhinoceros, and lion, and by the 
numerous herds of deer which frequent this part of the 
continent 

Gape Colony. — ^The table-land which has been mentioned 
as occupying the greater portion of the interior of Africa 
descends to the sea at its southern extremity in three 
terraces, separated by parallel ranges of mountains. The 
range called the Nieuveldt, or Snowy Mountains, crosses 
Cape Colony from east to west, and in Mount Compass 
attains an elevation of 8500 feet. At its eastern ex- 
tremity it is continued jiorthward by another range, 
which bears the names of Drakenherg and Quailaniba 
Mountains. On the western side of the colony, there is 
also a ran^^e running north s^d sowtib.^ ^liOt^frc^ ^^s^ ''^^i^ 
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Eoggeveldt range. South of the Nieuveldt are the Zwarte 
Bergen^ or Black Mountains, which are connected on the 
west with the BoTckeveldty running parallel with the Rogge- 
veldt range. South of the Zwarte Bergen there is a &ird 
range, from twenty to thirty miles distant from the coast 
This coast range has an elevation of about 4000 feet ; the 
Zwarte Bergen is about 1000 higher, but both decline in 
elevation towards the east. Table Mountain, to the south 
of Cape Town, is part, of an isolated group. 

North and west of the Nieuveldt and Drakenbergen, the 
country slopes to the Orange River. Between the Nieuveldt 
and Zwarte Bergen, there is a terrace or plateau, about 
4000 feet above the sea-level, which extends from east to 
west for a distance of 400 miles, with a breadth varying 
from fifty to sixty miles. This region, called the Qreai 
Karroo^ is thinly covered with soil, and in the dry season 
is a desert. After the rains set in, however, it is quickly 
covered with flowers and verdure. South of the Zwarte 
Mountains, there is a '' Karroo'' of less elevation, contain- 
ing some weU-watered and fertile land; while the tract 
bordering on the sea is covered with a rich deep soil. 
Kafiraria and Natal are also fertile ; but the district along 
the west coast is arid and barren. 

The island of Hadag^cax, which is separated from the 
African continent by the Mozambique Channel, has an area 
of 200,000 square miles. A noble range of mountains, 
about 5000 feet in height, and clothed with thick forests, 
runs from Cape Amber to Cape St Mary, a distance of 
1000 miles. Oold, silver, copper, lead, and iron, are found 
in the island. . Iron is plentiful, and is worked by the 
natives ; but they are forbidden, on pain of death or im- 
prisonment, to work the precious metals. 

AUSTRALIA. — ^The continent of Australia, like that 
of Africa, consists of a ring of high land surrounding a 
shallow depression in the interior. The main ridge of 
mountains is that known as the Dividing Range, which 
commences at Cape Wilson, in the south, and runs north- 
ward, with decreasing elevation, as far as Cape York. 
The southern portion of this chain, known as the Australian 
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AIpSj culminates in Mount Koskiusko, which rises 6500 
feet above the sea. Further north, the range is known as 
the Blue Mountains^ the highest summit of which, Mount 
York, reaches an elevation of 3440 feet. Though not so 
high as the Australian Alps, the Blue Mountains exceed 
that chain in rugged grandeur. They contain numerous 
rents, chasms, and precipices — ^walls of naked rock, some- 
times rising perpendicularly to a height of 2000 feet. 
North of the Blue Mountains is the Liverpool Range, 
which culminates in Mount Lindesay, 5700 feet in height. 
Beyond this summit the coast range is not well known, but 
it seems to consist of several parallel chains, some of con- 
siderable breadth, which are well adapted for sheep-farming. 

The country between the Dividing Range and the sea is 
an undulating and well-watered region, from 30 to 90 
miles in breadth. To the west of the range the surface 
slopes down. gradually to the basins of the Darling and 
Victoria, and contains several isolated summits of con- 
siderable altitude. To the west of the Australian Alps 
may be traced a ridge of high ground, which forms the 
watershed between the Murray and the various streams 
which flow into the Indian Ocean. This is the great gold 
region of Victoria. The richest district lies at the foot of 
Mount Alexander, on the north side of the ridge. Ballarat, 
another well-known centre of gold-mining, lies on the 
south side. 

The watershed of the northern part of Australia is the 
edge of a sandstone plateau, which runs from east to west 
about the 20th parallel of south latitude. In the west this 
edge has an elevation of 800 feet, and in the east rises 
about 2000 feet above the sea. The breadth and slope of 
this plateau is indicated by the rivers which flow into the 
Gulf of Carpentaria and the Timor Sea. A similar plateau 
appears to extend along the west coast, but here the mterior 
is little known. A well-defined chain of mountains, how- 
ever, runs along the coast for a considerable distance, and is 
known in different parts as the Victoria Range, Herschel 
Range, and Darling Range, The south coast of Australia, 
from King George Sound to Spencer Gulf, is formed by a 
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flat table-land of granite and limestone, elevated about 300 
feet above the sea, and almost destitute of water. 

On the eastern side of Spencer Gulf, a range of moun- 
tains runs in a meridional direction, under the name of 
Flinder^s Eange, and contains some summits exceeding 
3000 feet. Other ranges, of less elevation, have been 
found in the interior, but they do not interfere with the 
general basin-like structure which is common to this and 
the African continent. The whole area is about 3,000,000 
square miles. 

History of Discovery. — The opinion, at one time pre- 
valent, that the interior of Australia was a barren desert, 
has been considerably modified by the discoveries that have 
been made during the last twenty years. It is scarcely 
more than a century since Australia was made known to 
England by the enterprise of Captain Cook, who traced 
the whole eastern coast of the continent from Cape Howe 
to Cape York. The first colony — a convict settlement — 
was established at Sydney in 1788. The first settlers 
spread themselves over the coast region, but in 1813 a pas- 
sage was discovered across the Blue Mountains, and the 
colonists found pastures for their flocks on the plains lying 
to the west of the mountain barrier. In 1829 Captain 
Sturt traced the course of the Murray to its embouchure in 
Lake Alexandrina, and shortly afterwards the colony of 
South Australia was established. Various expeditions 
were now fitted out to explore the interior in search of " fresh 
fields and pastures new." Sturt, starting from Adelaide 
and advancing to the north, succeeded in penetrating half- 
way across the continent, but was stopped by the barren 
tract since known as the Stony Desert. Mr Eyre, in spite 
of enormous difficulties, caused by want of water and the 
treachery of his native attendants, succeeded in accomplish- 
ing a journey from Spencer Gulf to King George Sound. 
Neither of these explorers, however, brought back any 
cheering accounts of the nature of the interior of the conti- 
nent. Dr Leichhafdt's first journey was more successful. 
Leaving Sydney, he followed the coast range as far as the 
Gulf of Carpentaria, and then rounding the southern and 
western shores of that great inlet, succeeded in reachin 
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Port Essington. On his return, he brought the intelligence 
that the country through which he had travelled was of the 
finest character. In 1848 he started from Moreton Bay 
with the intention of crossing the continent from east to 
west, but he has not since been heard of, nor has any cer- 
tain intelligence of his fate ever been obtained. 

In 1855 Mr Gregory attempted to explore the interior 
from the north-west. He ascended the Victoria River to 
its source, and reached a watershed about 1600 feet in 
elevation. Continuing to advance southward for about 400 
miles, he traversed a level sandy country, imperfectly watered 
by a stream which at length terminated in a dry sterile 
tract, partly covered with salt marshes. Three years later 
Mr Gregory's brother set out at the head of an expedition 
sent out in search of Dr Leichhardt. He left Moreton Bay 
and struck upon another Victoria River, which he was able 
to identify with Cooper's Creek. He found also that 
Cooper's Creek had communication with Lake Torrens. 
This lake, which in old maps is represented as having the 
shape of a great horse-shoe, has now almost totally disap- 
peared. It has been found, on more careful examination, 
that it consists of a group of lakes, separated by wide tracts 
of land. Thus, we have Eyre Lake, Lake Gregory, and 
Lake Frome, as well as Lake Torrens. The only traces of 
Leichhardt's expedition discovered by Mr Gregory were 
the remains of one of his camps and the initial letters of 
his name carved on a tree. 

In March 1860, Mr Macdouall Stuart started from 
Adelaide with the intention of crossing the continent from 
south to north. He advanced as far as 18° 17' south, and 
was only prevented from reaching the shores of the Gulf of 
Carpentaria by the determined opposition of the natives. 
Next year he renewed his attempts and reached 17° south ; 
but here he met with thick belts of thorny scrub, and after 
fourteen attempts to force a passage was obliged to give up 
the attempt. Nothing daunted, he started at the head of. 
another expedition the year following, and this time he 
succeeded in reaching the shores of Van Diemen's Gulf. 
He returned back to Adelaide after an absence of nine 
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months, having thus twice crossed the continent without 
the loss of a single man. He describes the country through 
which he passed as being well grassed in many parts; 
the worst tracts he met with were three or four belts 
of scrub, the broadest being not more than sixty miles 
wide. 

The region explored by Stuart, and now known as 
Alexandra Land^ has been annexed to the colony of South 
Australia. Already a settlement has been established at 
Port Darwin, on the north coast, and a line of telegi'aph 
has been laid between Port Darwin and Adelaide. By 
means of this line Australia has been brought into connex- 
ion with Java, Singapore, and India, and thus with the 
rest of the civilized world. 

While Mr Stuart was endeavouring to cross the continent 
from Adelaide, another exploring party was sent out from 
Melbourne. This expedition was placed under the com- 
mand of Mr O'Hara Burke, and left Victoria in the autumn 
of 1860. Leaving the main part of the expedition at 
Menindie, on the Darling, to follow more leisurely, Burke 
pushed on to Cooper's Creek. Here he established a depot 
of provisions, and placing it under the command of Mr 
Brahe, he gave him instructions to remain there for four 
months awaiting his return. He then, with three com- 
panions. Gray, Wills, and King, started on camels for the 
Gulf of Carpentaria. Having with difficulty accomplished 
their object, the explorers returned, but only to find the depCt 
at Cooper's Creek abandoned, and the provisions almost 
exhausted. Gray had sunk under the fatigue before re- 
turning to Cooper's Creek, and Wills and Burke died soon 
afterwards. King, however, after living some time among 
the natives, who treated him with great kindness, was 
discovered by a relief party, and reached Melbourne in 
safety. 

Within recent years the attention of Australian explorers 
has been directed to the western half of the continent. In 
April 1873 Colonel Warburton started from Alice Springs, 
a station on the overland telegraph line near Central Mount 
Stuart, and after enduring great suffering from the want 
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of water, be and his party reached the Oakover River, a 
tributary of the De Grey. A year later, Mr John Forrest 
started from Champion Bay on the west coast, to the south 
of the Murchison River, and reached Peake Station on the 
telegraph line, in September. Still more recently (1875), 
Mr Giles, starting from Beltana, a station to the east of 
Lake Torrens, succeeded in making his way to Perth, on 
the Swan River, his route lying for the most part along 
the thirtieth parallel of south latitude. 

All these travellers agree in describing the country 
through which they passed as being quite unfit for settle- 
ment. There appears to be a strip of good land along the 
west coast, and another for some distance west of the 
telegraph line, but between these two fertile belts there is 
a slightly undulating desert almost destitute of water, and 
clothed with dry spinifex grass. Occasionally Mr Forrest 
met with a few acacias and other small trees, and even 
larger timber in some of the creeks. But water was very 
scarce, and in the central part of the journey Mr Giles 
found the interval between the pools of fresh water was 
sometimes above 300 miles. 

Tasmania, or Van Diemen's Land, is separated from 
Australia by Bass Strait, which is about 200 miles broad. 
The interior is very mountainous ; a range, which appears to 
he a continuation of the Australian Alps, running in a zig- 
zag direction from north to south. The average elevation 
is about 4000 feet, but in the south-west Mount Humboldt 
reaches 5520 feet. The mountains on the western side of 
the island are almost entirely unexplored, but some of the 
peaks rise above the snow-line. There are fertile plains in 
the numerous river valleys, so that Tasmania is well adapted 
for agriculture. 

New Guinea. — ^Very little is known of the interior of 
New Guinea, or of the islands which stretch away from it 
in the direction of New Zealand. New Guinea, or Papua, 
as it is sometimes called, is 1400 miles long, and, next to 
Borneo, is the largest island in the Pacific. The interior 
seems to be traversed by mountains, and as some of their 
summits are capped with snow, they must be at least 1 6,000 
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feet in height. The island, so far as is known, is covered 
with immense forests, and is extremely fertile. 

New Zealand consists of a group of islands which stretch 
from north to south for about 1200 miles, and have an area 
of nearly 100,000 square miles. The North Island is of 
irregular form, consisting of a main body and four great 
peninsulas, projecting north, south, east, and west. The 
island is crossed, from north to south, by several parallel 
chains, but the highest summits seem to stand apart from 
these ranges. Mount Egmont, an extinct volcano, stands 
near the south-west comer of the island. It rises to a 
height of nearly 9000 feet, its flanks covered with mag- 
nificent forests, its summit crowned with snow. On the 
opposite side of the island. Mount Edgecombe towers above 
the Bay of Plenty to the height of 9600 feet. Several of 
the mountains in North Island are active volcanoes. 
Tongariro, to the south of Lake Taupo, pours out volumes 
of boiling water, which leaves a siliceous deposit. 

South Island is traversed by a range of mountains which, 
in the province of Canterbury, are called the Southern Alps. 
The average height of this portion of the chain is 10,000 
feet, while Mount Cook rises to 13,200 feet. The Southern 
Alps contain magnificent glaciers, some of which descend 
to 3000 feet above the sea-level. The Tasman Glacier is 
12 miles long, and where it terminates its breadth is a mile 
and three-quarters. Further south, in Otago and South- 
land, the mountains rise from 4000 to 9000 feet, and many 
of the summits are covered with perpetual snow. There 
are several passes leading from the west to the east coasts. 
One of the most frequented leads from the gold regions of 
Hokitika to the plains round Christchurch, 
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CHAPTER X. 

The Atmosphere and its Uses. 

The air, or atmosphere, completely envelops the earth to 
the height of fifty or a hundred miles. As it is subject to the 
law of gravitation, and is a highly elastic fluid, the lower 
strata are pressed down by those above, and become much 
denser. It follows, also, that the atmosphere exerts a 
certain pressure at ijhe earth's surface, and this is found by 
experiment to be, upon the average, 14*7 lbs. to a square 
inch. This pressure is equal in weight to a column of 
mercury a square inch in section and 29*9 inches in height, 
the temperature being GO*" F. It is upon tliis fact that the 
principle of the barometer is founded. 

Under ordinary circumstances the pressure of the atmos- 
phere exactly balances the column of mercury at the height 
just mentioned. If, from any cause, the pressure should 
be increased, the mercury will rise; if the pressure be 
diminished, the mercury will fall. When we ascend the 
side of a mountain we find that the air becomes more and 
more rarefied the higher we climb. This is indicated by 
the mercury in the barometer, which falls as the pressure 
diminishes ; hence it is possible, by means of a barometer, 
to approximate to the height of a moimtain. Another way 
of measuring altitudes is by noticing at what temperature 
water will boil. At the surface of the earth water boils at 
212** F., but at the summit of a mountain it will boil at a 
lower temperature, owing to diminished pressure. On the 
other hand, it would require a higher temperature than 
212' F. to bring water to the boiling point at the bottom of a 
deep mine. It is thus seen that heights may be measured 
by means either of a barometer or thermometer, but in 
both cases the principle is the same, whidi is, that the 
density, and therefore pressure of the atmosphere, diminishes 

I 
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as we ascend from the surface of the earth. It has been 
found by experiment that at an elevation of 18,000 feet the 
pressure is only 7-5 lbs., and therefore the mercury would 
stand at 15 inches. At a further elevation of the same 
amount the pressure would be again halved, so that at the 
height of forty or fifty miles the air would scarcely exhibit 
any pressure at all ; still it may exist, though in a state of ex- 
treme tenuity, for a considerable distance beyond this point. 
The atmosphere is chiefly composed of two gases, nitro- 
gen and oxygen, the latter playing the more important 
part in the economy of nature, as it is necessary for com- 
bustion, and its consumption in the tissues is the source 
of animal heat. Out of 100 parts of the atmosphere there 
are, in volume, 77*95 parts of nitrogen, 20*61 of oxygen, 
1*40 of water, and *04 of carbonic acid gas; and yet 
this small quantity of carbonic acid is sufficient to supply 
all the vegetation on the eaith. All gases possess the pro- 
perty of readily mixing with each other, without regard to 
their specific gravities. Thus, carbonic acid, arising from 
the decay of organic matter, or from the craters of extinct 
volcanoes, although half as heavy again as atmospheric air, 
readily diffuses itself into the higher regions of the atmos- 
phere. Were it not for this peculiar property of gases, 
poisonous exhalations, rising from the earth in various 
parts, would accumulate near the surface, and render the 
atmosphere unfit for animal life. A necessary condition of 
a healthy atmosphere is the presence of ozone. What this 
constituent really is, we cannot tell with any certainty. It 
seems to be a certain form of oxygen, and is produced, 
among other ways, by the passage of electricity through 
the air. The smell perceived when bodies are struck by 
lightning is owing to this principle. It is more abundant 
on the seacoast than inland, and on elevated than in low 
situations. Its intensity increases with cold, and diminishes 
with heat. Its presence is felt during the prevalence of the 
aurora. In this country it is most abundant in the month 
of May, and least so in November. It is scarcely traceable in 
the east winds, but abundant in the south-west winds, owing 
probably to the fact that it is totally insoluble in water. 
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The atmosphere is the medium for distributing the light 
and heat which we derive from the sun, and upon its agency 
depend every beauty of colour and every variety of sound 
It is also the great storehouse of the winds and storms, 
clouds and rain, snow and hail, as well as of those subtle 
forces of electricity and magnetism which seem to play 
such an important part in the operations of nature, but are 
at present so little understood. 

Light, according to the theory now commonly received, 
is caused by a rapid vibration of the molecules in a lumin- 
ous body. This vibration is coinmunicated to a subtle 
medium called the luminiferous ether, which is supposed to 
fill all space and to pervade all material objects. The 
vibrations communicated to this all-pervading ether by a 
luminous body are transmitted to the optic nerve of the 
eye, and produce the sensation of vision. A luminous ray 
is the line in which such undulations are propagated, and 
a pencil or beam of light is a collection of rays. 

When a ray of light strikes upon a body, part of it 
passes through it, part of it is reflected, and part is 
dispersed and lost. This is the case upon whatever kind 
of substance the light may happen to fall. For though we 
call those bodies transparent through which light passes 
easily, yet a small portion passes through opaque bodies 
even ; and, on the other hand, in transparent bodies all the 
light is not transmitted; part is reflected, otherwise the 
oj^'ects would bfe invisible. The atmosphere, when in a 
dry state, is very transparent to light and heat. Hence 
the air, if pure, would neither be illuminated nor heated by 
the rays of the sun. It always contains, however, a certain 
quantity of aqueous vapour, as well as a quantity of fine 
dust, which we see as motes in the sunbeam, and these 
minute atoms have the power of reflecting and diffusing 
the solar rays. 

Refraction. — When a ray of light passes obliquely from 
one medium into another of different density, it is bent 
from its course, and this change in direction is called refrac- 
tion. As, therefore, the atmosphere is a medium of greater 
density than the luminiferous ether, and as the different 



128 PHYSICAL GEOGRAPHY- 

strata of the atmosphere increase in density as we approach 
the surface of the earth, a ray of light, in coming to us from 
the sun or any other of the heavenly bodies, undergoes 
refraction, unless it comes from the zenith. The eflfect of 
refraction upon a ray of light passing obliquely through the 
atmosphere is to cause it to proceed in a curve, instead of a 
straight line. Now, as objects always appear to be in the 
direction in which the rays proceeding from them strike 
the eye, the result is that all heavenly bodies, unless they 
are in the zenith, appear at a greater altitude than they 
really are ; and this source of error is taken into account by 
astronomers in all their calculations. A star situated halt- 
way between the zenith and the horizon appears too high 
by about 1', or the 30th part of the moon's diameter ; but 
the amount of refraction is much greater near the horizon, in 
consequence of the increased density of the atmosphere, and 
the consequence is that we may see the sun and moon for a 
short time after they have actually set below the horizon. 
Within the arctic circle, where the sun is just below the 
horizon for weeks at a time, it has sometimes been seen 
several days before it has actually risen. 

When therefore a ray of light passes through the atmos- 
phere, it undergoes both reflection and refraction, and part 
of the ray is absorbed and lost. As it advances into 
media more and more dense, the refraction is increased, 
while the reflection and dispersion is assisted by the small 
particles of dust and aqueous vapour which the air con- 
tains. Wheti at length the ray reaches the earth, part 
is absorbed and part reflected back. It is to this constant 
reflection from minute particles in the air, and from material 
objects, that we owe the broad light of day. Were there 
no atmosphere, there would be no light, except in a line 
with the rays of the sun and the light reflected from objects 
on the surface of the earth. Outside the direct influence 
of these rays all would be wrapped in total darkness. It 
is said that out of 10,000 rays of light entering the 
atmosphere, 8000 reach the earth, if they fall per- 
pendicularly through clear air ; the rest are absorbed and 
lost. If the angle be dO"* the number of rays is about 
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7000; if 7*, it is less than 3000. Lastly, it has been 
estimated that only five rays out of the 1 0,000 make their 
way to the earth through a horizontal stratum of air. 

Twilight is caused mainly by reflection. When the 
sun is a little below the horizon, just before sunrise or a 
little after sunset, its rays, shooting into the upper regions 
of the atmosphere, are partially reflected back upon the 
earth, and afford a faint daylight. Between the tropics 
twilight continues from the setting of the sun until he is 
IG"" below the horizon; and as his path there is almost 
vertical, the period of twilight is very short. In middle 
latitudes the limit is 18°, and in the polar regions 20°; 
and as the sun's descent there is very oblique, there is 
always a long twilight. For the same reason twilight is 
longer in winter than in summer. 

The Mirage. — The optical illusions known under the 
general name of the mirage are caused by reflection, and 
arise from unequal density of different strata of air near the 
earth's surface. This inequality in density may be occasioned 
either by heat or aqueous vapour. There appear to be 
three different varieties of this curious phenomenon. In its 
simplest form the ground has the appearance of a tranquil 
lake, on which are reflected trees and rocks, or neighbour- 
ing villages. This kind of mirage is very common in 
Upper Egypt and other parts of Northern Africa, and the 
explanation is this — the air in contact with the heated soil 
of the desert being greatly expanded, the less dense layers 
are the lowest. A ray of light, therefore, in passing from 
an elevated object, such as the top of a tree, is refracted 
more and more as it proceeds. Now, it is a fact well known 
in optics, that when a ray of light, in passing from a dense 
into a rarer medium, makes an angle greater than what is 
termed " the critical angle," the ray will not emerge from 
the denser medium, but will be reflected back, the angle of 
reflection being equal to the angle of incidence. In the 
case which we have supposed, the air near the ground is 
so highly heated that density, within a certain distance, 
increases upwards. The ray of light, therefore, in passing 
obliquely from an elevated object, will, by refraction, bo 
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rendered more and more nearly horizontal as it advances, 
until it exceeds the critical angle, and what is termed total 
reflection takes place. The ray, therefore, instead of reach- 
ing the ground, is reflected, and after undergoing successive 
refractions as before, but in an opposite direction, reaches the 
eye of the spectator. To him it appears to have come from 
the surface, and it gives him an inverted image, just as if 
the object had been reflected from the surface of still water. 

There is a kind of inverted mirage, called looming^ which 
is often visible at sea in high latitudes, but sometimes 
also on land. In this case, the images of distant objects, 
such as ships or hills, are seen in an inverted position in 
the air. In this case the rays of light proceeding upwards 
are reflected back, the upper strata then being less dense 
than the lower strata. Why this form of the mirage should 
not occur more frequently than it does, seeing that the 
lower strata are almost always more dense than those above, 
has not been satisfactorily explained. 

A third kind of mirage is due to horizontal reflection.. 
Dover Castle, for example, has sometimes been seen com- 
plete from near Ramsgate, although there is a hill between 
the two places, which, under ordinary circumstances, hides 
a portion of it. In this case there are evidently vertical 
columns of air, of different density, which bring about 
total reflection horizontally. 

Colour. — The light which we receive from the sun is 
white ; but this white light is made up of seven primary 
colours. This fact was discovered by Newton. If a beam 
of solar light be admitted through a small opening into a 
dark room, and allowed to fall on a white screen, it pro- 
duces a round white spot. If now a prism be interposed, 
edge downwards, the beam will be refracted upwards, and 
at the same time resolved into its component colours. The 
result will be a many-coloured band, termed a spectrum. 
Beginning at the top and coming downwards, the colours 
occur in the following order : — Violet, indigo, blue, green, 
yellow, orange, red. The explanation is, that the simple 
colours which make up white light possess different degrees 
of refrangibility ; the red undergoes the least change, the 



THE ATMOSPHERE AND ITS USES. 131 

violet the most« The prism, as it were, draws asunder tlie 
yarions constituent rajs which make up the beam of h'ght 
If a small opening is made in the screen, so as to allow 
rays of only one colour to pass, it is found, on transmitting 
these through a second prism, that no further dispersion 
is effected, and hence these are termed primary colours. 

Natural bodies possess the power of absorbing and select- 
ing certain portions of the white light, and thus produce 
colour. When the light which falls upon a body is wholly 
absorbed, the object is black ; if all the coloured rays arc 
abscMrbed equally but only partially, the result is a gi*ey 
colour ; if none of the rays are absorbed, the object is 
white. Bodies of all colours reflect white light from their 
surfaces ; their distinctive colours depend upon the light 
which has plunged to a certain depth within the object. 
There it is sifted; certain portions are absorbed, the re- 
mainder is then discharged, and gives the object its colour. 
The colour of the sky is probably due to the aqueous 
vapour in the atmosphere, which absorbs all the colours of 
the sun's light except the blue. 

The Kainbow. — ^This phenomenon is only seen when 
rain, or something analogous to it, is falling, and the spec- 
tator is standing with his back to the sun. It is caused 
by the decomposition of the light when it passes into the 
rain-drops, and by its reflection from the inside face of each 
drop. A beam of solar light, falling obliquely on the sur- 
face of the rain-drop, is refracted on entering it; part 
passes through, but another portion is reflected at the back 
of the drop, and on emerging from it again, is of course 
again refracted. Thus the portion of light which ultimately 
reaches the eye of the spectator has been twice refracted 
and once reflected. Each rain-drop, therefore, acts like a 
small prism, and decomposes the white light into its primi- 
tive colours. The rainbow is in reality a portion of the 
base of a cone, the apex of which is the eye of the spectator, 
and the axis, the continuation of aline from the sun through 
the observer's eye. An entire semicircle is generally seen, 
if the sun is low ; but if the observer be on a mountain 
top, a still larger arc is visible. The width of the coloured 
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band in the bow is two degrees, or about four times the 
apparent diameter of the sun ; the outer colour is red ; the 
innermost violet, the others coming in order between. 
Sometimes a second, but fainter bow is seen, outside the 
first one. In this case the colours are less distinct, and their 
order is reversed, the violet being on the outside. The sec- 
ondary bow is produced by rays which have undergone two 
reflections within the drop. It is this double internal re- 
flection that weakens the colours and reverses the order in 
which they come. 

Rainbows are sometimes seen in waterfalls and even in 
fountains. On a bright summer's morning every dew-drop 
presents a rainbow in miniature. The coloured circles, 
called fog-images, which are occasionally seen to surround 
the shadows of objects when thrown on an opposite bank 
of mist, and the halos which are sometimes seen round the 
sun and moon, are all of the same nature as the rainbow. 

Spectrum Analysis. — When a pencil of sun-light is de- 
composed by a prism, the spectrum really consists of a series 
of coloured images of the aperture through which the light 
comes, and these images overlap each other. If, however^ 
the slit or aperture be made very narrow, and the beam be 
sent through several prisms in succession, the dispersion 
of the colours is increased, and what is termed a pure 
spectrum is obtained. Now, when this pure spectrum is 
examined it is found to be not perfectly continuous, but is 
crossed by a number of dark lines. These, known as 
Fraunhofer's lines, have been carefully mapped and lettered, 
and after much patient study and research it has at length 
been satisfactorily determined that these dark lines are 
due to the presence in the sun's atmosphere of certain 
metals in an incandescent state. The instrument by means 
of which these lines are examined is called a spectroscope, 
and the result of various experiments, made upon different 
kinds of light, may be briefly summed up in the following state- 
ment : — If the source of light be a luminous solid or liquid, 
the spectrum is a rainbow-coloured band. If the source of 
light be incandescent metallic vapours, the spectrum is a 
dark ground crossed with brilliant bands of various colours. 



THE ATMOSPHERE AND ITS USES. 133 

Lastly, if tlie source of light be a luminous solid or liquid, 
shining through incandescent vapours, the spectrum is a 
rainbow-coloured band crossed by dark lines ; and these 
dark lines correspond to the brilliant streaks upon a dark 
ground which the incandescent vapours themselves would 
show if they were the only source of light. 

In this way it has been proved, as stated above, that the 
sun consists of a solid or molten nucleus, in a condition of 
intense incandescence, surrounded by a gaseous photo- 
sphere containing metallic vapours, these vapours absorbing 
those rays of the nuclei^s which they themselves emit. 
As the dark lines of the solar spectrum have been carefully 
studied, we are enabled to determine not only the consti- 
tution of the sun, but also to say what are those metals 
which exist in its photosphere in a gaseous form; and 
among others the existence of. iron, caJcium, magnesium, 
and sodium have been ascertained. The spectrum analysis 
has also been applied to the light of the moon, planets, and 
fixed stars. The spectra of the moon and planets, as might 
be expected, give the same dark lines as those of the sun, 
since they shine by reflected solar light. The spectra of 
the fixed stars, however, contain lines differing from the 
solar lines and from each other ; thus showing that, while 
differing from one another in the matter of which they are 
composed, they are all constructed on the same general 
plan as the sun, having a central nucleus surrounded by a 
luminous envelope. 

Heat. — We have stated that solar light is caused by a 
vibration in the atoms which compose the sun. This 
vibration is communicated to the luminiferous ether, hence 
a series of rapid waves, which strike upon the retina of the 
eye and produce the sensation of light. The waves thus 
produced, however, are not all of equal length, and hence 
travel with different velocities, since they all reach the eye at 
the same time. The violet waves are smallest and quickest, 
the red rays the largest. Beyond the red rays, however, 
there are others of still larger wave-length which are in- 
visible, but which are powerful to produce heat; while beyond 
the violet rays are waves still smaller, which produqe cbemi- 
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cal action. It would seem that the human eye is adapted to 
receive impressions from a limited number of vibrations 
per second ; waves of greater or less velocity cannot be 
perceived. Heat, then, is of the same nature as light ; it 
only differs from it in being produced by longer waves. 
Some substances are transparent to the light-producing 
waves, but absorb the heat-rays ; while others are trans- 
parent to heat, but intensely opaque to the light- waves. 
It is thus possible to separate the visible from the invisible 
rays of a spectrum, and it is then found that the light- 
waves contain very little heat ; they may be concentrated 
by lenses and sent into water without sensibly warming it. 
It is to the invisible rays of the spectrum, therefore, that 
we chiefly owe the heat we derive from the sun. 

A heated body cools by radiation, that is, the motion of 
its atoms is transferred to the surrounding invisible ether 
and conveyed to other bodies, or into space. In this way 
the sun itself will eventually lose all its heat unless it be 
in some way. renewed. Halation depends much upon the 
surface of the radiant body : the worst radiators are 
brightly polished metallic substances ; the best known is 
carbon. Water, in all its forms, is a powerful radiant. 
As a rule good radiators are great absorbers of heat. 

The atmosphere in a pure state is very transparent to heat 
as weU as to light; aqueous vapour, however, interrupts 
its passage. The aqueous vapour contained in the atmos- 
phere acts in two ways ; it checks the heat-rays in their 
passage to the earth, and it also prevents the earth from 
too rapid radiation. In the latter respect it performs an 
important function in the economy of nature. Were it not 
for the aqueous vapour which is always present in the air, 
in greater or less abundance, radiation from the earth's 
surface would proceed so rapidly, after sunset, that the 
intensest cold would result, and the earth would be rendered 
uninhabitable. 

The atmosphere receives very little heat from the direct 
rays of the sun in their passage through it to the earth ; 
it is chiefly heated by contact with the earth, and then by 
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conduction and convection the heat is transmitted upwards. 
When the heat-rays reach the earth's surface they are 
checked, and warm the land and sea. The air immediately 
in contact partakes of this warmth, and communicates it to 
the strata above. Hence we find that the higher we 
ascend into the* air the colder it becomes ; for the warmth 
comes from below. There is also another reason; the 
lower strata of air are denser than those above, and hence 
contain more heat. Expansion in the air always produces 
cold ; increase of density is accompanied by increase of 
heat. It is sometimes said that an elevation of 300 feet 
makes a difference of l"" Fahr. From the observations 
taken in balloon ascents, however, it would appear that up 
to a certain elevation the decrease in temperature is much 
more rapid than this, but that afterwards it goes on much 
more slowly. 

Sound. — The atmosphere is the medium of sound ; with- 
out it there would be a death-like silence everywhere. 
Sound is an effect propagated by a vibrating body through 
an elastic medium. The vibration of the sonorous body is 
communicated to the atmosphere — not to an invisible ether, 
as is the case with heat and light — and the particles of the 
air are thrown into a forward and backward motion. • This 
motion may be illustrated by a number of ivory balls placed 
in a row, at short distances apart. If the first receives an 
impulse which drives it against the second, each ball will 
strike its successor and be brought to rest ; the impulse is 
carried on through the whole length of the row, but the 
balls only move forward and backward. The vibrations 
of ether, which produce light and heat, have an upward 
and downward motion like waves of water ; the vibrations 
in the atmosphere which convey sound have, as we have 
seen, not an upward and downward motion, but a motion 
forward and then backward. The origin of sound is the 
vibratory movements of a sonorous body, but these vibra- 
tions cannot produce the sensation of sound unless they are 
transmitted by some elastic medium to the ear ; in ordinary 
cases this medium is the air. 

The pitch of a note depends solely on frequency of vibra- 
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tion ; the quicker the vibration the higher the pitch. The 
intensity of sound, the pitch being the same, depends upon 
the loudness, or energy of the aerial vibrations, and therefore 
upon distance, the density of the atmosphere at the place 
where the sound is generated, and the direction of the wind. 
It is also strengthened by the proximity of a sonorous body. 
The velocity of sound increases with an increase of temper- 
ature. The velocity at the freezing point, 32** Fahr. or 
zero in the centigrade, may be taken at 1090 feet per 
second, and the increase for every degree of the centigrade 
thermometer amounts to nearly two feet. 

Electricity. — ^We have already stated that electricity, like 
heat, is probably a form of motion. It has been suggested that 
while heat may be caused by a vibration in the atoms of a body, 
electricity may be the result of certain compound oscillations. 
Bodies charged with diflferent kinds of electricity attract 
each other, and when unopposed the electric fluids coalesce 
with great rapidity. The air, when pure, is almost always 
positively electrical; the earth is always in a negative 
state. When, owing to the various operations of nature 
which are constantly taking place upon the surface of the 
earth, the atmosphere becomes charged with positive 
electricity, a thunderstorm takes place. The electric fluid, 
in passing from the clouds to the earth, becomes visible as 
lightning ; sometimes, also, lightning bursts out from the 
ground. The brilliancy of lightning is caused by the 
ignition of particles of nitrogen and oxygen. It often 
assumes a zig-zag form, owing to the unequal conducting 
power of the air through which it passes. Sheet lightning 
is but the reflection of forked lightning. The passage of 
electricity through the air causes it to vibrate, and pro- 
duces thunder. 

The atmosphere is a bad conductor ; sometimes, how- 
ever, when it is highly rarefied by heat, its coercive power 
is diminished, so that electricity escapes from clouds in 
bright sheets, without rain or thunder. This may very 
frequently be seen in warm summer evenings. Without 
actual contact, positive electricity tends to produce nega- 
tive electricity in bodies near it, and vice versa ; the latter 
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arc said to be electric by induction. When thunder- clouds 
are very low, the electricity produced by induction is some- 
times so great that it escapes from pointed objects in the 
shape of flames. These flames, known as St Elmo's fire, 
are not unfrequently seen at the topmasts of ships, and at 
the extremity of their yards. 

This kind of action is explained on the supposition that 
an uncharged body contains a store of both kinds of elec- 
tricity, exactly equal in amount — ^hence the quiescent state. 
When therefore a body charged with positive electricity is 
brought in proximity to it, all the negative electricity is 
attracted to the near side, and the positive electricity is 
repelled to the far side. 

Magnetism. — ^The direction and force of the magnetic cur- 
rents which circulate through the earth are indicated by the 
declination and dipping needles of the mariner's compass. 
The north end of the dipping needle dips below the horizon 
in the northern hemisphere, the south end in the southern 
hemisphere. But there is a line encircling the earth where 
the needle always remains horizontal. This is called the 
magnetic equator. It cuts the terrestrial equator a little 
to the east of the meridian of Greenwich, and again at 
170" E. ; but it never deviates more than 12" or 15° from 
ft There are two magnetic poles where the dipping needle 
is perpendicular ; one is at a point 70° N. and 97° W. ; 
the other is supposed to be in Victoria Land, about 75' 
5' S. and 154° 8' E. Sir John Ross, who was sent out to 
determine the exact spot, was prevented from accomplish- 
ing his purpose by a great barrier of ice, but this is the 
point he fixed upon by calculation. 

The magnetic meridians coincide with the geographical 
meridians in some places, and in these the declination 
needle points due north. In other parts it deviates more 
or less to the east or west. In England the magnet points 
more than 20° to the west of north. This is called the 
declination of the needle. In the north of Greenland and 
of Baffin's Bay the needle points due west ; while, still 
further to the north-west, the north end of the needle points 
south. 
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The intensity of the magnetic force— that is, the energy 
with which the needle seeks its position of rest — as deter- 
mined by the number of its vibrations in a given time, is 
variable ; and there are four foci of greatest intensity, two 
in the northern hemisphere and two in the southern. There 
is also a line of minimum intensity, called the dynamical 
equator. Besides the circles, poles, and foci to which we 
have referred, other lines are met with in magnetic charts ; 
these are termed isoclinal, isogonal, and isodynamic lines. 

Isoclinal lines are those which pass through places where 
the inclination or dip of the needle is the same. 

Isogonal lines are those which indicate that the declina- 
tion of the needle is the same. 

Isodynamic denotes equal intensity. 

The three great magnetic elements — the total force, the 
inclination, and the declination — are subject to daily changes, 
to annual variations according to the position of the sun in 
the ecliptic, and also to great disturbances called magnetic 
storms, which occur at irregular intervals. It has been 
observed^ however, that these magnetic disturbances have 
an intimate connexion with the solar spots. It is now 
well known that the spots in the sun reach a maximum at 
intervals of about eleven years, and it has been noticed in 
those years when the maximum is reached there are great 
magnetic disturbances, as well as an unusual display of the 
aurora. It seems very probable, therefore, that all the great 
magnetic disturbances depend upon changes which take 
place on the surface of the sun ; and hence these disturb- 
ances which at present appear so irregular may, after all, 
be periodical. 
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CHAPTER XL 

WniDs AND Storms. 

In a former chapter we noticed the influence which the 
attraction of the sun and moon, especially that of the 
latter, has upon the aqueous portion of the globe, as illus- 
trated by the tides. As might be expected, there are tides 
also in the atmosphere similar to those of the ocean, but 
these are generally so masked, by winds and other move- 
ments of die air, that it is difficult to trace them. Their 
existence and extent has, however, been satisfactorily 
determined at stations within the tropics, where all aerial 
phenomena are more regular than in other parts of the 
globe. There are also other daily variations in the pres- 
sure of the atmosphere, indicated by the barometer, which 
are due partly to the heat of the sun, and partly to the 
moisture contained in the air. 

Vapour is continually rising from all parts of the 
earth's surface, and mingles, in an invisible form, with the 
atmosphere. Now, as dry air is 40 per cent, heavier 
than Ihe same volume of vapour at the same temperature, 
it follows that the varying amount of this vapour in the 
air must have a marked effect upon the rise and fall of 
the column of mercury in the barometer. The amount 
of aqueous vapour in the atmosphere attains its maxi- 
mum at or near the hottest part of the day, and its minimum 
at or near the coldest. On the other hand, as heat expands 
the air and cold condenses it, the density of the atmosphere 
will be greatest about midnight, and least about noon. 
The result of these causes, when combined, is, that there 
are two maxima and two minima heights of the barometer 
every twenty-four hours. Within the tropics, where these 
variations are very regular, the mercury attains its greatest 
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height at nine or half-past nine in the morning; it then 
sinks till four in the afternoon, after which it again rises and 
attains a second maximum at half-past ten or eleven in the 
evening. It then begins to fall, and reaches its second mini- 
mum about four in the morning. These variations are very 
slight, scarcely exceeding one-tenth of an inch in the whole 
day, but the change is so regular within the tropics that, 
according to Humboldt, the time of the day may be inferred 
from the height of the barometer with considerable approach 
to accuracy. 

Land and Sea Breezes. — We have stated that heat 
expands the air and makes it lighter, while cold condenses 
it and makes it heavier. Now, it is the property of all fluids 
to preserve a state of equilibrium, and one of the chief 
conditions of the equilibrium of the atmosphere is, that 
every stratum should be of the same density. If, therefore, 
the air, in any particular locality, become rarefied, the 
denser air in the vicinity will flow in to restore equilib- 
rium, and a wind is produced. This may be illustrated 
by the phenomena of the land and sea breezes, which are 
experienced on the seacoast in all parts of the world. Land 
is heated more readily than water, but cools more rapidly. 
During the day, therefore, the land is warmer than the 
sea, and the atmosphere which is above the land partakes 
of its higher temperature. The colder air from off the sea 
therefore rushes in to restore equilibrium, and a sea breeze 
is felt. After sunset the land cools more rapidly than the 
water, the atmosphere over the land is chilled, and becomes 
heavier than that over the sea, and a land breeze begins to 
blow, and continues until both atmospheres become of the 
same density. 

Trade-Winds. — The trade-winds which prevail within 
the tropics are produced in a similar manner. The equa- 
torial parts of the globe being the hottest, the atmosphere 
there is more rarefied than in other regions, and there is a 
strong ascending current, the air seeking a stratum of its 
own density The colder air from the poles flows in to 
produce equilibrium, and two polar currents are thus pro- 
duced. Were the earth at rest these currents would blow 
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directly from north to south, but the rotation of the earth 
upon its axis causes them to partake of an easterly direc- 
tion; for the earth, in turning from west to east, carries 
the atmosphere along with it. A particle of air, there- 
fore, at the equator, moves with the earth at the rate of 
about 1000 miles in an hour, while a particle near the 
poles has little or no movement whatever. A current of 
air, therefore, which comes from the poles to the tropics 
moves from west to east more slowly than the earth does. 
It is therefore left behind, and appears to move in the 
opposite direction, that is, from east to west. Thus, 
instead of coming directly from either pole, the winds 
blow from the north-east and south-east respectively ; and 
the nearer they approach the tropics the more easterly they 
become, until at length their course is almost due east, 
where they are known as trade-winds. 

Betnm Winds. — ^The polar winds necessitate return 
winds, otherwise there would soon be a vacuum at the 
poles. These return winds are supplied by the ascending 
current which is constantly rising within the tropics. At 
first these winds are upper currents, but as they recede 
from the equator they become chilled by the decrease in 
temperature ; they therefore become heavier, and just out- 
side the tropics begin to be felt as surface winds. These 
winds are also affected by the earth's rotation ; for, starting 
with a rapid motion from west to east, they pass over 
regions where the motion to the east is less and less rapid, 
and thus the excess of their easterly movement is felt, and 
instead of blowing directly from the equator to the poles, 
they are felt as south-west and north-west winds, according 
as they blow over the northern or southern hemisphere. 

Calm-belts. — ^There is thus a complete circulation of the 
air from the poles to the equator and back again to the 
poles ; and this circulation, as we shall find, has an import- 
ant bearing upon the climate of the globe, by transferring 
the warmth of the tropics to the regions of cold, and the 
moisture of the Southern Ocean to the rivers of the north. 
Wherever these various currents meet or cross each other, 
there is a belt of calms. Such a belt is at the junction of 

K 
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the north-east and south-east trades. It is about 4* or 5' 
in breadth, and is called the Doldrums, Here the winds 
seem to neutralize each other ; and it is said that some- 
times, far out at sea, a candle will bum without flickering. 
This zone of calms, however, is subject to heavy rains and 
violent thunderstorms, owing, doubtless, to the meeting of 
two currents of different temperatures, and containing differ- 
ent amounts of aqueous vapour. It is sometimes called the 
Zone of Variable Winds, because the calm is often broken 
by light breezes from various parts. This equatorial belt 
of calms does not coincide with the equator, but lies about 
5° to the north of it. This is owing to the preponderance 
of the land in the northern hemisphere. Owing to this 
preponderance of land, the thermal equator, or line of 
greatest heat, as we shall see hereafter, lies to the north of 
the equator; and as the ascending current will always be 
at the line of greatest heat, the trade-winds naturally range 
themselves on each side of the thermal equator. 

Besides the Doldrums there are two other calm-belts, 
known respectively as the Calms of Cancer and Capricorn. 
We have said that within the tropics the return winds were 
upper currents. They descend and cross the trades at these 
zones, and beyond them prevail as surface winds. Besides 
these three zones of calm, there is reason to believe that 
there are regions of calm in the neighbourhood of the poles, 
round which the return winds sweep before starting back 
again to the tropics as north-east or south-east winds. The 
region of north polar calms has been calculated to be about 
lat. 84** N. and long. 105** W., and coincides with the 
pole of maximum cold. 

We have seen that the return winds cross the trades at 
the calms of Capricorn and Cancer ; it is supposed also that 
the trade- winds cross each other at the Doldrums ; in other 
words, that the south-east trade supplies the return wind in 
the northern hemisphere, and the north-east trade the return 
wind of the southern hemisphere. Some geographers doubt 
this, but there are strong reasons in favour of the supposi- 
tion. In the first place, the south-east wind, sweeping 
over the Southern Ocean, must become laden with moisture, 
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while the north-east trades must be comparatively dry, and 
yet more rain falls in the northern hemisphere than in the 
southern. It is difficult to explain this, unless we suppose 
that the moisture evaporated from the southern hemisphere 
is transferred to the north, and this can only be by the 
winds crossing at the equatorial belt. But the question is 
placed almost beyond doubt by the showers of red dust 
which have frequently fallen in large quantities on ships in 
the Atlantic, especially near the Cape de Verde Islands. It 
was at one time supposed that this dust was brought by 
winds from the Sahara. Portions of this dust, however, 
collected not only in the Atlantic but at Malta, Genoa, and 
other parts of the Mediterranean, having been examined by 
Professor Ehrenberg, he found that they all consisted of 
infusoria and organisms whose habitat is not Africa, but 
South America, in the region swept by the south-east trades. 

We have already remarked that the equatorial belt of 
calms lies north of the equator, coinciding with the line of 
greatest heat. Now, as the sun moves northward and 
southward within the tropics, this line of greatest heat will 
not be stationary, but will follow the sun. Hence from 
May to December the Doldrums move northward, and 
southward from December to May. The northern limit is 
about ten degrees north ; the southern limit about five 
degrees north. Of course this movement aflfects the other 
calm-belts, and therefore the position on the earth's sur- 
face where the return winds begin to prevail as surface 
winds will vary with the seasons. They will approach 
nearer to the poles, before they reach the surface, in sum- 
mer than in winter. This is an important fact, as will be 
seen when we come to speak of the distribution of rain. 

We have mentioned that the preponderance of land 
in the northern hemisphere causes the equatorial belt of 
calms to lie several degrees north of the equator. The 
consequence of this is that the zone of south-east trades 
has a much greater breadth than that of the north-east 
trades. Again, in the Atlantic especially, the south-east 
trade is much stronger and "fresher" than the north- 
east. This is doubtless owing to the belt of desert land 
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which stretches across Africa and Asia. The air over 
these barren tracts, being exceedingly rarefied, especially 
during summer, a portion of the north-east trades is re- 
quired to produce equilibrium, and thus the north-east wind 
is checked and weakened. Another effect of the land upon 
the winds is that the trades are never regular except at 
some distance from the shore. The unequal heating of the 
land and sea changes these permanent winds into periodi- 
cal ones ; and hence along all the coasts within the trade- 
wind region, monsoons prevail to a greater or less extent. 

Monsoons. — It is in the Indian Ocean, however, that 
monsoons are most perfectly developed. The word means 
a season, and it is applied to these periodical winds because 
they follow the seasons with great regularity. In summer, 
when the sun is north of the equator, the plains of Central 
Asia rarefy the superincumbent air. The north-east wind 
is therefore checked in its course, and the south-east wind, 
after crossing the equator, is turned into a south-west wind. 
This takes place from April to September. Between Octo- 
ber and April the sun is south of the equator, and hence 
there is a rush of air to the south of Africa, and the north- 
east monsoon prevails. The continent of Australia has a 
similar effect upon the trades ; and this is no doubt the main 
reason why the winds do not blow with such regularity in 
the Pacific as in the Atlantic. Recent investigations prove 
that the south-east trades only blow permanently over that 
part of the ocean which lies between the Galapagos islands 
and the group of the Marquesas. In the Indian Ocean the 
south-east trade blows with great constancy between 10° 
and 28° south, from Australia to Madagascar. 

Variable Winds. — The trade- winds are permanent 
winds ; the monsoons are periodical ; outside the tropics 
the winds are variable. Here there is a struggle between 
the return winds from the tropics and the polar cun'ents. 
As a rule, however, the return winds follow the oceans, 
while the polar winds travel across the continents ; hence 
we explain the mild moist climate which characterizes the 
west coasts of continents in temperate regions. On the 
seaboards of continents where these opposing winds meet, 
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tbcre is a constant struggle for the mastery, and hence the 
frequent changes which characterize the winds in extra- 
tropical regions. In Great Britain, the east winds prevail 
generally from January until May ; the west winds from 
June to December ; in Ireland, the westerly winds prevail 
for three-quarters of the year. It has often been noticed 
that when there is a mild winter in Europe there is a 
severe season in America, and vice versa. The reason is, 
that if the south-west winds are very strong, they prevail 
to some extent over the continent of Europe ; if, on the 
other hand, the north-east wind is the more powerful, it 
brings snow and frost to the coasts of Europe, and at the 
same time forces the south-west wind, .with its warm 
showers, to keep to the west side of the Atlantic. 

Cyclones. — Cyclones is the name given to those revolv- 
ing storms of wind which are so destructive in their 
effects. They occur in various parts of the tropics and 
temperate regions, but there are three chief centres where 
they prevail with great regularity and with great violence ; 
these are the West Indies, the Indian Ocean, and the China 
Sea. These storms have a twofold motion ; they revolve 
round a central axis, and at the same time have an onward 
motion in a given path. North of the equator the storms 
revolve from east to north, and then by west to south, or 
in a direction contrary to the movement of the hands of a 
watch ; in the southern hemisphere the storms revolve in 
an opposite direction. The direction of the storm path is 
also different in the two hemispheres. In the West Indies 
the path of the storm runs from the south-east to the north- 
west, and then curves round to the north-east; in the 
Indian Ocean it begins at the north-east and then curves 
round to south-east. 

In the West Indies these cyclones, or hurricanes as they 
are there generally termed, occur most frequently from 
July to October. They generally commence near the 
northern coast of South America, and travel at first in a 
north-westerly direction, following the chain of the West 
India Islands ; then turning to the north-east they follow 
the course of the Gulf Stream, and die out about the 
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neighbourhood of New York. The length of this course 
is sometimes as much as 3000 miles, which the storm 
traverses at the rate of 20 or 30 miles an hour. At the 
same time it is whirling round at a tremendous speed, the 
wind blowing at the rate of 100, and in some instances 
even at the rate of 130 miles per hour. In the China Sea, 
where the storms are known as Tyfoons^ they prevail gener- 
ally from July to October, most frequently, however, in 
the months of July, August, and September. In the 
Indian Ocean the focus of the storm is to the east of Mada- 
gascar ; but the path of the storm often extends from the 
neighbourhood of Java in a south-west direction to the 
focus, and then for a short distance to the south-east, thus 
forming an elliptical, or parabolic curve. The cyclones of 
the Indian Ocean generally prevail from January to April. 

It will thus be seen that the direction of the wind, the 
path of the . storm, and the period of occurrence, are 
different north and south of the equator. It may also be 
added, that while the focus of the Atlantic storms is in 
the neighbourhood of the tropic of Cancer, the centre of 
the storms in the Indian Ocean is in the neighbourhood of 
the tropic of Capricorn. 

The breadth of the storm varies, of course, at different 
times ; but in some instances it has amounted to 600 and 
even 1000 miles. Owing to friction, the axis of the storm 
is not perpendicular, but bends a little forward, and the 
whirling motion is not therefore quite horizontal. This 
causes a continual intermixture of the lower and warmer 
strata of air with those that are higher and colder ; and 
thus torrents of rain, and sometimes violent electrical ex- 
plosions, are produced. In consequence of the rotation of 
the air, the wind blows in opposite directions on each side 
of the axis of the storm ; and the violence of the blast 
increases from the circumference towards the centre. In 
the centre, however, there is a dead calm over a space 
varying from five to thirty miles. Hence, when the storm 
passes over any locality, the wind at first begins to blow 
moderately, and gradually increases to a hurricane. Then 
in a moment, when the storm is raging at the fiercest, there 
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is a sudden loll, which lasts for a certain interval. The 
storm is now renewed with all its former violence, hut the 
wind blows from an opposite quarter. Gradually, how- 
ever, it decreases in violence as the outer edge of the 
storm is approached. 

In consequence of the centrifugal force of these cyclones 
the air is rarefied both in the centre of the storm itself, and 
also for a considerable distance outside of it. Hence a 
sudden fall of the barometer is a sure indication of the ap- 
proach of the tempest. Owing to this diminished pressure 
in the vortex of the storm, and also to a less extent over 
the whole area covered by the cyclone, the water rises 
above its usual level ; and the mass is driven bodily for- 
ward with the tempest, and, when it reaches land, rolls in 
like a huge wall, causing immense destruction. The 
following description of a cyclone is from the pen of 
Admiral Semmes, the commander of the well-known Con- 
federate cruiser, the Alabama : — 

^ The ship is lying still, and the storm is travelling to 
the north-east, and is approaching her. She was soon en- 
veloped in its folds ; and the winds, running around the 
circle in a mad career, howled, and whistled, and screeched 
around her like a thousand demons. She was thrown 
over several streaks, and the waves began to assault her 
with sledge-hammer blows, and occasionally to leap on 
board of her, flooding her decks, and compelling us to 
stand knee-deep in water. By the time we had furled the 
fore -topsail, the fore- staysail had been split into ribbons ; 
and whilst I was anxiously debating with myself whether 
I should hold on to the main- topsail a little longer, or 
start its sheet, and let it blow to pieces — for it would have 
been folly to think of sending men aloft in such a gale to 
fiirl it — the iron bolt on the weather quarter, to which the 
standing-bolt of the main-brace was made fast, gave way. 
Away went the main-yard, parted at the slings ; and in a 
trice the main- topsail was whipped into fragments, and tied 
into a hundred curious knots. We were now under 
nothing but the small storm -staysail already described ; 
the top-gallant yards had been sent down from aloft ; there 
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was very little top-hamper exposed to the wind ; and yet 
the ship was pressed over and over, until I feared she 
would be thrown upon her beam-ends, or her masts swept 
by the board. The lee-quarter boat was wrenched from the 
davits, and dashed in pieces; and, as the sea would strike the 
ship forward or aft, she would tremble in every fibre, as if 
she had been a living thing, in fear of momentary dissolution. 

'' But she behaved nobly, and I breathed easier after the 
first half-hour of the storm. All hands were, of course, on 
deck, with the hatches battened ; and there was but little 
left for us to do but to watch the course of the storm, and 
to ease the ship, all it was possible to ease her, with the 
helm. Life lines had been rove fore and aft the decks by 
my careful first lieutenant, to prevent the crew from being 
washed overboard ; and it was almost as much as each man 
could do to look out for his own personal safety. 

" The storm raged thus violently for two hours, the 
barometer settling all the while until it reached 28*64. It 
then fell suddenly calm. Landsmen have heard of an 
^anxious' calm, but this calm seemed to us almost like 
the fiat of death. We knew at once that we were in the 
terrible vortex of the cyclone, from which so few mariners 
have ever escaped to tell the tale I Nothing else could 
account for the suddenness of the calm, coupled with the 
lowness of the barometer. We knew that when the vortex 
should pass, the gale would be renewed as suddenly as it 
had ceased, and with increased fury, and that the frail little 
Alabama — ^for indeed she looked frail and small now amid 
the giant seas that were rising in a confused mass around 
her, and threatened every moment to topple on board of 
her with an avalanche of water that would bury her a 
hundred fathoms deep— might be dashed into a thousand 
pieces in an instant. I pulled out my watch, and noted 
the time of the occurrence of the calm; and, causing one of 
the cabin doors to be unclosed, I sent an officer below 
to look at the barometer. He reported the height already 
mentioned, 28*64. The Alabama's head now lies to the 
south-east, she having come up gradually with the wind as 
it hauled, and she is in the south-eastern hemisphere of the 
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"vortex. The scene was the most remarkable I had ever 
witnessed. The ship, which had been pressed over only a 
moment before by the fury of the gale, as described, had 
now righted; and the heavy storm staysail, which, not- 
withstanding its diminished size, had required two stout 
tackles to confine it to the deck, was now, for want of wind 
to keep it steady, jerking these tackles about, as though it 
would snap them in pieces, as the ship rolled to and fro. 
The aspect of the heavens was appalling. The clouds were 
writhing and twisting like so many huge serpents engaged 
in combat, and hung, so low in the thin air of the vortex as 
almost to touch our mast-heads. The best description I 
can give of the sea is that of a number of huge watery 
cones — for the waves seemed now, in the diminished pres- 
sure of the atmosphere in the vortex, to jut up into the sky, 
and assume a conical shape — that were dancing an infernal 
reel played by some necromancer. They were not running 
in any given direction, there*being no longer any wind to 
drive them, but were jostling each other like drunken men 
in a crowd, and threatening every moment to topple one 
upon the other. 

"With watch in hand I noticed the passage of the 
vortex. It was just thirty minutes in passing. The gale 
had left us with the wind from the south-west. The 
ship, the moment she emerged from the vortex, took the 
wind from the north-west. We could see it coming upon 
the waters. The disorderly seas were now no longer 
jostling each other ; the infernal reel had ended ; the cones 
had lowered their late rebellious heads as they felt the re- 
newed pressure of the atmosphere, and were being driven, 
like so many obedient slaves, before the raging blast. The 
tops of the waves were literally cut off by the force of the 
wind, and dashed hundreds of yards in blinding spray. 
The wind now struck us ' butt and foremost,' throwing 
the ship over in an instant, as before, and threatening 
to jerk the little storm-sail from its bolt-ropes. It was im- 
possible to raise one's head above the rail, and difficult to 
breathe for a few seconds. We could do nothing but 
cower under the weather bulwarks, and hold on to the be- 
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laying-pins, or whatever other objects presented themselves, 
to prevent being dashed to leeward, or swept overboard. 
The gale raged now precisely as long as it had done 
before we entered the vortex — two hours — showing how 
accurately nature had drawn her circle. 

" At the end of this time the Alabama is still on the star- 
board tack, but from east she has brought her head around 
to nearly west. The storm is upon the point of passing 
away from her. I now again sent an officer below to 
inspect the barometer, and he reported 29*70, the instru- 
ment having risen a little more than an inch in two hours I 
This alone is evidence of the violence of the storm. Dur- 
ing the whole course of the storm a good deal of rain had 
fallen. It is the rain which adds such fury to the winds. 
These storms come to us, as has been said, from the tropics, 
and the winds by which they are engendered are highly 
charged with vapour. In the course of taking up this 
vapour from the sea, the winds take up along with it a large 
quantity of latent heat, or heat whose presence is not in- 
dicated by the thermometer. As the raging cyclone is 
moving onward in its path, the winds begin to part with 
their burden — it begins to rain. The moment the vapour 
is condensed into rain, the latent heat which was taken up 
with the vapour is liberated ; and the consequence is the 
formation of a furnace in the sky, as it were, overhanging 
the raging storm, and travelling along with it. The more 
rain there falls, the more latent heat there escapes ; the 
more latent heat there escapes, the hotter the furnace be- 
comes ; and the hotter the furnace, the more furiously the 
wind races round the circle, and rushes into the upper air 
to fill the vacuum, and restore the equilibrium," 

The paths followed by the great cyclones of the Atlantic 
and Indian Oceans coincide in a remarkable manner from 
year to year. Thus, the small island of St Thomas, in the 
West Indies, is periodically visited by these storms. Oc- 
casionally the cyclones travel in pairs. This was the case 
in the China Sea in 1840, when two storms met, and 
caused, it is supposed, the loss of the Oolconda, which went 
4iowa with 300 people on board. Sometimes a single 
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storm has been split into two by coming in contact with a 
mountain. This occurred in the MediteiTanean in Dec. 1821. 
These cyclones are doubtless caused by the meeting of 
currents of air coming in opposite, or nearly opposite, di- 
rections. It will be noted that in the Indian and Pacific 
Oceans the period of their recurrence coincides with the 
changes in the monsoons. The storms of the Atlantic may 
probably have some connexion with the Gulf Stream. 
The great Atlantic storms occasionally reach Spain and 
Portugal, and even the coasts of Ireland ; but violent 
tempests of a rotatory character, of local origin, often visit 
the British Islands. Indeed, recent research seems to show 
that all variable winds are more or less rotatory : " If we 
examine weather-charts representing a large portion of the 
earth's surface, such as those published in the Journal of 
the Scottish Meteorological Society^ vol. ii. p. 198, two dis- 
tinct systems of pressure are seen, which change their 
position and form from day to day, one indicated by isobars 
enclosing spaces of low pressure, into which the winds all 
round blow vorticosely in the northern hemisphere in a 
direction contrary to that of the hands of a watch, and the 
other by isobars enclosing areas of high pressure, out of 
which the winds blow on all sides, but in opposite direc- 
tions to those assumed in blowing inwards upon a space of 
low pressure. The former are usually called cyclones, and 
the latter anticyclones. Not only do the direction of the 
winds within the areas of cyclones and anticyclones respec- 
tively differ from each other, but the temperature and 
humidity of the winds connected with each have certain 
well-marked characteristics. A south-east wind at St 
Petersburg, for instance, blowing in immediate connection 
with a cyclone, comes from the south and south-west, that 
is, from the south-west of Russia or from Germany; 
whereas a south-east wind in immediate connection with 
an anticyclone comes from the east, that is, either from the 
east of Russia or from the White Sea, and consequently 
these two south-east winds are markedly different in their 
climatic qualities from each other." — Nature^ April 1876. 
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CHAPTER XII. 

Clouds and Rain. 

Vapour rises from every portion of the surface of the 
earth, at all times, and in all temperatures, even from snow. 
Mr Darwin mentions that the snow once entirely disappeared 
from the summit of Aconcagua, owing to evaporation under 
a cloudless sky and an excessively dry air. This evapora- 
tion is greatly increased by the h6at of the sun, and hence 
is carried on to a greater extent in tropical than in extra- 
tropical regions. Within the tropics, however, the atmos- 
phere has a greater capacity for holding moisture in an 
invisible form than elsewhere ; for heat increases this 
capacity, but cold lessens it When aqueous vapour rises 
from the earth it is generally invisible, but as it ascends 
into higher strata of air it is condensed by cold, and be- 
comes visible in the form of clouds. 

Clouds assume three primary characters: the cirrus, 
cumulus, and stratus. The drri are those light fleecy 
clouds which float high up in the air. They have an ele- 
vation of at least three miles, and, judging from observa- 
tions made during balloon ascents, are sometimes double 
or even three times that height. They cannot, therefore, 
be in the form of vapour, but must consist of minute par- 
ticles of snow or ice. How clouds of this nature can re- 
main buoyant at such immense heights, where the atmos- 
phere is so extremely rare, has not been satisfactorily ex- 
plained. The cirrus clouds for the most part arrange 
themselves in parallel bands, which, by the effect of per- 
spective, appear to converge in opposite points of the 
horizon. In the middle and higher-latitudes of the north- 
em hemisphere their direction is from south-west to north- 
east, which, a&.we have seen, is the direction of the retmn 
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winds ; in the neighbourhood of the equator their direction 
is from south to north. It has been suggested that the 
cirri are the heads of columns of vapour rising from the 
earth, which become visible by condensation at a certain 
elevation. 

Cumuli^ or summer clouds, are those solid snowy masses 
which appear so frequently in summer, and which often 
assume the most fantastic forms. They generally appear 
soon after sunrise, and as the day advances ascend higher, 
sometimes disappearing altogether towards evening. Not 
un frequently, however, they become more numerous to- 
wards the close of the day, and assume a darker tint, 
presaging rain. 

The stratus is a horizontal band of cloud, which forms 
at sunset and vanishes with sunrise. It is the lowest of all 
clouds, and includes the mists which, in the evening, are 
found in valleys and over low-lying grounds. 

From these three primary classes of clouds four sub- 
ordinate varieties are formed. The cirro-stratus are light 
bands of cloud, more compact than the cirri, which at the 
horizon form a long narrow band or fog-bank. The 
cumulO'Stratus is the name given to the cumuli when they 
spread out into layers or strata ; they frequently change 
into the dark rain-cloud or nimbits, as the third variety is 
termed. Lastly, there is a combination of the summer 
cloud with the cirrus, called cirro'cumulus ; it consists of 
vast masses of fleecy clouds, with light feathery fringes. 

We have mentioned the great height at which cirrus 
clouds are supposed to exist; the general elevation of 
what is termed the cloud region is, however, much less. 
The cloud region of the trade- winds is from 3000 to 5000 
feet high, and is generally higher over the sea than over 
the land. In the north temperate zone, on the contrary, 
the cloud region is higher over the land than over the sea ; 
and, as a rule, the farther inland the higher the clouds. 
From observations made in balloon ascents at Kew, it is 
found that the cloud region varies in elevation from 2000 
to 6500 feet, and that its thickness ranges from 2000 to 
3000 feet. Above the lower stratum there is frequently a 
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clear space of air, above which are more clouds, then 
another clear space, and so on in succession. 

Mountains have a great influence in the formation of 
clouds, for they not only force the currents of air to rise 
into higher and therefore colder strata, but their cold sum- 
mits also assist in the work of condensation! Hence it is 
that mountains, even when not of great elevation, are 
almost constantly capped with clouds. Sometimes a cloud 
seems attached to the summit of a mountain and there 
remains, although a violent wind may be blowing at the 
time. This phenomenon is explained in the following pas- 
sage from Professor Tyndall: — "In connexion with the 
formation of clouds by mountains, one particularly instruc- 
tive effect may be noticed. You frequently see a streamer 
of cloud, many hundred yards in length, drawn out from 
an Alpine peak. Its steadiness appears perfect, though a 
strong wind may be blowing at the same time over the 
mountain head. Why is the cloud not blown away ? It 
is blown away ; its permanence is only apparent. At one 
end it is incessantly dissolved, at the other end it is 
incessantly renewed; supply and consumption being 
thus equalized, the cloud appears as changeless as the 
mountain to which it seems to cling. When the red sun 
of the evening shines upon these cloud streamers, they 
resemble vast torches with their flames blown through the 
air." {Forms of Water.) 

The truth seems to be, that however motionless clouds 
may appear, they are never still. Every cloud is either 
forming or dissolving, and this fact may perhaps explain 
the difficulty respecting their buoyancy, to which we have 
referred. When a cloud is connected with an ascending 
current of vapour, it increases in size ; when the ascending 
current ceases, the particles which form the cloud begin to 
fall through the air owing to their weight, and the cloud 
diminishes in bulk and density. Clouds also sometimes 
appear to be stationary, when really they are in rapid 
horizontal motion. The cirrus clouds travel in the direc- 
tion of their length, and hence their motion is not observed. 

When clouds are high up towards the zenith they are 
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generally white, because the particles of which they are 
composed reflect the light of the sun. The more they are 
condensed, however, the darker they become, until in the 
nimbus the colour is almost black. Towards the horizon 
clouds partake of a variety of tints, generally, however, 
more or less orange in colour. As red is the least refran- 
gible of the primary colours, this is the hue of the last rays 
of the setting sun. Next to red comes orange, and hence 
the beautiful golden tints which adorn sunrise and sunset. 
Sometimes the blending of these colours with the clear 
blue sky produces a beautiful vivid green. 

Fogs are of the same nature as clouds, the only difference 
being that they are nearer the earth. In countries like 
England, where the soil is moist and warm, and the air 
damp and cold, fogs are frequent. The presence of the warm 
Gulf Stream, oflf the banks of Newfoundland, causes those 
frequent fogs which are met with in that part of the 
Atlantic, and which render navigation so exceedingly dan- 
gerous. Fogs rarely occur at sea between the parallels of 
30° north and south latitude. 

Dew. — ^When fogs are formed the surface is warmer 
than the air, but the case is exactly the reverse when 
dew is deposited ; the earth is then colder than the air in 
contact with it. When the air is saturated with vapour, 
it is said to be at the dew-point, and it will then deposit 
moisture on bodies colder than itself. During the day the 
surface of the earth is heated by the sun ; the atmosphere 
partakes of this warmth, and is able to hold a considerable 
quantity of vapour in an invisible form. After sunset the 
earth cools rapidly, and condenses the air with which it is 
immediately in contact. The air thus chilled can no longer 
contain its abundance of moisture, and part of it is de- 
posited in the form of dew. In hot countries, where the 
quantity of aqueous vapour contained in the atmosphere is 
very great, the amount of dew is very copious, and is of 
immense service during the long droughts, and in some 
places, indeed, makes up for the total absence of rain. 
Dew is not deposited on all substances alike ; it wets them 
in proportion to their powers of radiation ; in other words, 
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according to the rapidity with which they cooL Leaves 
of plants, blades of grass, and wood are good radiators, 
while stones and metals are no*t. Hence in a garden the 
grass is often very wet with dew, while the gravel walks 
are quite dry. More dew falls in summer than in winter, 
and on a clear night than when it is cloudy. In summer 
there is more moisture in the atmosphere than in winter, 
though its presence is not felt owing to the capacity of the 
warm air to contain it. Anything that checks radiation 
lessens the quantity of dew ; for the amount depends upon 
the rapidity with which the earth and the bodies upon its 
surface can chill the air, and thus condense the moisture 
which it contains. In cloudy nights the heat radiated 
from the ^arth is reflected back again, and hence the earth 
does not cool so rapidly as it otherwise would. Windy 
weather, again, is unfavourable to the formation of dew, 
for as rapidly as the air is cooled it is carried away, with- 
out being reduced below the dew-point. When the cold 
is so intense as to freeze the dew, hoar-frost is produced. 
This may occur in clear. calm nights when the temperature 
of the air is comparatively high, if the radiation be very 
rapid. Hoar-frost is very hurtful to vegetation, but the 
slightest screen, even a cobweb, by checking radiation, 
will preserve plants from its effects. 

Bain. — ^The formation of rain is analogous to the de- 
position of dew, but is not identical with it. In both 
cases, the moisture becomes visible through condensa- 
tion; but while dew is formed at the surface of the 
earth, and only deposited upon objects which them- 
selves act as condensers, rain is formed high up in the 
atmosphere, and falls in showers upon all substances 
alike. In ordinary cases, the vapour which forms rain 
first assumes the form of clouds; but this is not, in 
all cases, necessary. "An excessively fine rain some- 
times falls in some countries in a clear sky during the 
flne season immediately after sunset. It is called serein^ 
and is attributed to the cold resulting from radiation, pro- 
ducing immediate condensation. The elastic and trans- 
parent aqueous vapour itself, warmed during sunshine, 
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begins to radiate heat when the sun disappears. The 
results are cold, condensation, and rain." (Ansted.) 

When two currents of air of different temperatures meet, 
rain is almost certain to be produced ; because the warmer 
current is chilled, its capacity for moisture lessened, and 
the excess of vapour is condensed into rain-drops. Occa- 
sionally, however, a cold current, laden with clouds, may 
meet a warmer current containing comparatively little 
moisture. In this case the clouds are dissipated. The 
formation of rain seems in all cases to involve electrical 
disturbances. 

Within the tropics, where all the phenomena connected 
with climate and weather take place with much greater 
regularity than in higher latitudes, there are two rainy 
seasons in the year. When the sun approaches the zenith 
of any place in this region, the ascending current of air 
becomes very strong, and carries large quantities of 
vapour up with it. As this current passes into colder 
strata of air, part of the moisture held in solution is con- 
densed, and falls in heavy rains. And as the sun is twice 
over the zenith of every place within the tropics in the 
course of a year, it follows that there are two rainy 
seasons, though, as might be expected, the first is the 
more important of the two, since it discharges the moisture 
which has been collected during the long season of drought: 
In monsoon regions, the rainy season is regulated by these 
winds. Hence the eastern and western coasts of Hindos- 
tan have rain at different seasons of the year. The north- 
east monsoon, sweeping over a large extent of land, is a 
comparatively dry wind ; but the south-west monsoon 
brings copious showers to the Malabar coast, and clothes 
the Western Ghauts with forests and verdure. 

Countries beyond the tropics depend generally upon the 
return winds for their moisture, and as these winds traverse 
the oceans in their journey to the poles, we have an ex- 
planation of the fact that the west coasts of continents, 
in temperate regions, are generally well watered. Sub- 
tropical regions are generally deficient is moisture. They 
are beyond the influence of the trades, and the return 



158 PHYSICAL aEOORAPIlY. 

winds have scarcely begun to be felt. Thus it is that 
we explain the slight rains of Australia and Cape Colony. 
On the other hand, the equatorial belt of calms is a zone 
of almost constant precipitation. There, where the trade- 
winds meet, the. ascending currents of air are constantly 
carrying large quantities of vapour into the colder strata 
of the atmosphere, part of which is immediately condensed 
in the form of rain. The greater part, however, is carried 
by the return winds to fertilize and warm the temperate 
and polar regions. The showers of rain are so copious in 
the zone of calms, that fresh water has sometimes been 
collected from the surface of the sea. 

As a rule, rain is much more abundant in the tropics 
than in temperate regions, as evaporation is there carried 
on with much greater energy. Upon the average, 97 
inches of rain fall annually within the tropics ; while in 
temperate regions the annual fall is about 35 inches. 
Owing to local causes, however, the quantity of rain that 
falls in some places far exceeds these figures. On the 
south side of the Brahmapootra, in Assam, there is a 
range of hills called the Khasia Mountains, from 4000 
to 6000 feet in height. These hills, rising up suddenly, 
check the south-west monsoon as it comes from the Bay 
of Bengal laden with moisture, and condense the vapour 
in enormous quantities. Cherra Poongee, which stands 
at an elevation of 4000 feet, has the reputation of being 
the wettest place in the world; 600 inches of rain have 
been collected in a single year, and all this has fallen 
between the months of April and October. At Maha- 
baleshwar, in the Western Ghauts, 300 inches have been 
collected. Even in temperate regions the annual rain- 
fall is often very great At Seathwaite, in the heart of 
the Cumberland mountains, 182 inches were collected in 
1862. With respect both to tropical and temperate 
regions, the New World is much more humid than the 
Old World. 

We have already noticed the influence which mountains 
have in the formation of clouds; they have a precisely 
similar effect in the formation of rain. When a wind 
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laden with moisture strikes against a mountain, in order 
to pass the obstacle it must ascend. The current is thus 
forced into a colder stratum, and the moisture is condensed 
into cloud or rain. Much will depend upon the amount of 
moisture contained in the current. If the air be near the 
dew-point, rain is certain ; if, on the other hand, the current 
does not contain much moisture, the vapour may be con- 
densed into mist or clouds without the formation of rajn. 
Neither do clouds always deposit the whole of their mois- 
ture; it is the excess which is precipitated. It is only 
when winds pass over such lofty chains as the Andes and 
Himalayas that they are deprived of every drop of their 
moisture. 

Distribution of Rain. — Commencing with the tropics, 
we find that the trade-winds, laden with moisture, sweep 
across the Atlantic, and strike upon the coasts of Brazil, 
Guiana, the West Indies, and Florida : all these coasts are 
well watered. The winds continue their course across 
Southern and Central America, and, meeting with the 
Andes, are still further drained of their moisture. In 
Mexico, however, the winds are drained by the moun- 
tains which form the ■ edge of the plateau, and then 
sweeping across the table-land, they meet with no other 
obstacles to act as condensers, and hence, in the interior, 
especially from the 24th to the 30th parallel, rains are in- 
frequent. Continuing their course across the Pacific, the 
trade-winds come in contact with the coast of China, the 
Eastern Archipelago, and the east coast of Australia, and 
in all these regions there is abundant rain. 
. In the Indian Ocean, as before stated, the rains are 
regulated by the monsoons ; and the Coromandel and 
Malabar coasts of Hindostan have rainy seasons at op- 
posite periods of the year. Tropical Africa, with the 
exception of the southern part of the Sahara, is also 
abundantly watered; and the* result is seen in the 
luxuriant grass and extensive forests which characterize 
this part of the continent. On the west coast, from Wal- 
visch Bay to Cape Negro, scarcely a drop of rain falls. 
Farther north, the coast plains are well watered and 
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clothed with a tropical vegetation, and in many places 
the sandy shoals which line the coast are covered with 
tall reeds and tangled mangroves. The Guinea coast lies 
in the zone of almost constant precipitation. 

Sub-tropical countries are generally deficient in moisture ; 
hence we account for the scarcity of rain in the southern 
half of the Australian continent, and in Africa south of the 
tropic of Capricorn. The desert of Kalahari has been 
already referred to; and Cape Colony, like the colonies 
of Australia, suffers from periodical droughts. In the 
northern hemisphere, the sub-tropical countries are char- 
acterized by that belt of arid land which stretches from 
the- shores of the Atlantic into Central Asia. 

Eainless Districts. — The arid character of the Sahara, 
the plateaux of Arabia and Iran, and the Shamo of Central 
Asia, results partly upon their situation, and partly upon 
the nature of their surface. They are, for the most part, 
shut in by mountains from the great rain- winds, and the 
heat reflected from the sands, with which they are covered 
for the most part, dissipates any chance clouds that may 
be brought by other currents. The tropical part of the 
Sahara is shut out from the trade-winds by the plateau of 
Abyssinia, and the clouds brought from the Mediterranean 
are dissipated by the heat of the desert. Wherever there 
are any elevations, however, sufficient to condense the 
moisture brought from the Mediterranean, there we find 
abundant showers. Arabia and Iran depend for their 
moisture upon the monsoons j but the south-west mon- 
soon only touches their coasts, while the winds from the 
north-east are drained of every drop of ijaoisture in cross- 
ing the plateau of Pamir and the Hindoo Koosh. The 
Shamo, again, as we have seen, is shut out from the great 
rain- wind of the south-west by the Himalayas and Kuen- 
lun, the loftiest mountain-chains in the world. 

On the west coast of South America there is a remark- 
able rainless district, partly tropical and partly outside 
the tropics, the southern portion of which is called the 
desert of Atacama. This tract includes the greater part 
of the coast of Peru, and a portion of Chili. It consists of 
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a number of sandy ridges separated by narrow valleys. 
The streams which water these valleys have their sources 
in the Andes ; few of them ever reach the sea, and most of 
them are dry nine months in the year. Narrow strips of 
land are cultivated along the margins of these streams, but 
the uplands which separate the valleys are complete deserts, 
entirely destitute of vegetation. No traveller can pass from 
one valley to another without a guide, and, on account of 
the great heat, the journey is generally made in the night. 
The absence of rain is attributed to the altitude of the 
mountains which bound this desolate region on the east. 
The trade-winds are deprived of all their moisture before 
crossing them ; and the vapour which rises from the Pacific 
is carried westward by the prevailing winds. From June 
to November, however, there is a kind of mist or fog called 
the garua^ which precipitates a fine dew ; and though it is 
not sufficient to penetrate the thinnest clothing, it changes 
the dust into mu4, and fertilizes the ground. 

The west coast of America, south of the desert of 
Atacama, is well watered. For here the return winds 
prevail, and the lofty mountains which run close to the 
coast condense the vapour brought from the tropics. For 
a similar reason we find the west coast of North America, 
and especially from British Columbia northward, a region 
of almost constant rain. The climate of the British Islands 
is above the average in humidity. At Paris, about 22 
inches of rain fall annually ; at Berlin, 20 inches ; and the 
quantity decreases as we advance eastward. On the east 
coasts of England and Scotland, from 20 to 30 inches fall ; 
on the west coasts, from 30 to 40 inches ; though in some 
places among the Cumberland mountains, and at Greenock 
on the Clyde, the fall is much greater. In Ireland, the 
average quantity ranges from 40 to 50 inches. 

Extra-tropical regions depend for their moisture chiefly 
upon the return winds, and these, as we have seen in the 
previous chapter, become surface winds about 30° on each 
side of the equator, at the calm-belts of Cancer and Capri- 
corn. It was also mentioned that these belts are not 
stationary, but move northward from May to October, and 
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southward from October to May. Of course a great part 
of the moisture which they bring from the tropics will be 
deposited where these winds first strike the surface ; and 
as, owing to the movement of the calm-belts, they strike 
the surface at diflferent places in different seasons of the 
year, we seem here to have an explanation of the fact that 
in temperate regions, different localities have rain at differ- 
ent seasons. In the north of Africa, and in the south of 
Spain, Italy, and Greece, autumn and winter rains prevail ; 
while in Central Europe and in the British Isles, most rain 
falls in summer. South Africa and Australia have winter 
rains. Though the average quantity of rain which falls 
within the tropics is almost tluree times as much as that of 
temperate regions, yet there are fewer rainy days. This 
can readily be understood when we remember that within 
the tropics the winds are regular, being either permanent 
or periodical, while outside the tropics there is a constant 
struggle between the north-east and south-west currents, 
and the winds vary sometimes two or three times a day. 
Hence currents of air of different temperatures are brought 
into contact, and rain is the result. In England there are 
about 150 rainy days in a year; in Ireland, about 200; 
while in the island of Sitka, on the north-west coast of 
North America, the year has sometimes passed with only 
40 days of fair weather. When, however, it does rain 
within the tropics, the fall is enormous. In the Kha^ia 
Mountains, which we have referred to as the wettest region 
upon the globe, 30 inches of rain — an amount equal to the 
total average quantity which falls in England in the course 
of a year — ^has fallen in four hours ; and 150 inches have 
fallen in the space of five consecutive days. It should also 
be remembered that a day of uninterrupted rain within the 
tropics is very rare. The sky is generally clear at sunrise, 
it becomes cloudy about ten in the morning, at noon the rain 
begins to fall, and after pouring for four or ^ve hours the 
clouds vanish, and not a drop falls during the night. 

Had we, in temperate regions, such long periods of dry 
weather as prevail within the tropics, everything would be 
parched with drought, and vegetation would be destroyed. 
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How is it then that vegetable life can exist so long without 
rain in those hot climates where it is exposed to the beams 
of a tropical sun ? The explanation is not difficult. It 
has been more than once stated that the higher the temper- 
ature of the air, the greater its capacity for containing 
moisture : hence the atmosphere in tropical countries con- 
tains much more moisture than in temperate regions ; and 
this moisture is absorbed by the leaves of trees and plants. 
The heavy dews, also, which are deposited in these coun- 
tries make up, in some measure, for the absence of rain. 
In temperate and cold regions, where the air cannot con- 
tain so much moisture, and where, as a consequence, dews 
are less copious, it is necessary to the very existence of 
vegetation Uiat rains should be frequent. This is only one 
of those beautiful arrangements, by which one law in nature 
is balanced and compensated by another, which we con- 
stantly meet with in the study of Physical Geography. 
There is another example to which we may briefly allude. 
We know that the sun is three million miles nearer to 
us in winter than in summer. The result which we should 
naturally expect would be, that in the southern hemi- 
sphere the summers would be excessively hot and the 
winters extremely cold. This, however, is prevented by 
the preponderance of water in the southern hemisphere. 
A natural consequence of this excess of water is a great 
amount of evaporation, and, as we should expect, of rain- 
fall. The vapour taken up from the great Southern Ocean, 
however, is carried to the northern hemisphere to supply 
the large rivers of the north, while the comparatively dry 
north-east trade becomes the return wind for the south, 
where such an abundance of moisture is not needed. The 
result is that, in spite of the preponderance of land, the rain- 
£ei11 in the north temperate zone is half as much again as in 
the south temperate zone. 
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CHAPTER XIIL 

Snow and Glaciers. 

Snow. — ^When the temperature of the air is near the freez- 
ing-point, or below it, snow falls instead of rain. Snow-flakes 
consist of a collection of minute crystals, arranged in the 
most beautiful forms, but always hexagonal in shape. From 
a central nucleus six rays spring o£F with perfect regularity ; 
from each of these stems smaller rays are thrown off, 
always at the same angle, and so again others proceed from 
these in the same way. There is never any deviation from 
the hexagonal type, though in other respects there is an 
infinite variety in the forms of these beautiful snow stars. 
No less than one thousand different kinds have been noticed. 
Many of these minute crystals also are coloured, some red, 
some blue, some purple — in fact, all the colours of the rain- 
bow are to be seen in these small hexagonal stars. The 
whiteness of snow is owing to the reflection of the light 
from the minute faces of these tiny crystals. 

Flakes of snow are nine times more expanded than 
water, and hence they descend much more slowly and some- 
times cover the ground to a great depth. Snow is a bad 
conductor of heat. A cover of snow therefore checks the 
radiation of the earth, and protects the roots of plants from 
the frost. In Siberia, the difference between the tempera- 
ture of the ground below the snow, and that of the air 
above it, has sometimes amounted to 38° Fahr. 

As it becomes colder the higher we ascend into the 
atmosphere, the tops of very high mountains are covered 
with perpetual snow, even within the tropics. The lowest 
point on a mountain at which snow is never entirely melted 
is called the snow-line, or line of perennial congelation. 
The elevation of the snow-line varies of course with the 
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annnal temperature. Within the tropics, speaking generally, 
all mountains which rise above 16,000 feet have their sum- 
mits capped with snow. In the Himalayas the snow-line on 
the south side is 15,500 feet ; on the north side, 19,000 
feet This apparent anomaly is doubtless owing to the 
fact that, while the atmosphere on the south side of the 
Himalayas is laden with moisture, the air on the north 
side is very dry, and consequently the cover of snow is 
much thinner, and is easily evaporated. As we leave the 
tropics the snow-line descends. On Mont Blanc it is 
8500 feet, so that nearly one half of that mountain is cover- 
ed with snow. No mountain in the British Islands reaches 
the line of perennial congelation, although Ben Nevis ex- 
ceeds 4400 feet in height. At the island of Mageroe, on 
the north coast of Norway, the snow-line descends to 2000 
feet, and as we approach the poles it reaches the level of 
the sea. 

Snow never falls within the tropics at the level of the 
sea. In the southern hemisphere there is seldom snow at the 
sea-level nearer the equator than the 48th parallel, and the 
line marking the snow limit passes through Buenos Ayres, 
Cape Town, Melbourne, and Sydney. In the northern 
hemisphere snow falls at much lower latitudes, and its limit 
is a curved line which touches the tropics in Mexico, then, 
crossing the Atlantic, it passes through the north of Africa 
and the Mediterranean Sea. It then proceeds through Asia 
Minor, the southern part of the Caspian, and the northern 
part of Hindostan, and again reaches the tropics at Canton 
in China. 

Hail consists generally of a nucleus of snow coated with 
ice. It appears to be formed in the high cold regions of 
the atmosphere by the sudden condensation of vapour 
caused by opposing winds, and is intimately connected 
with electricity, since its fall is generally accompanied with 
thunder and lightning. Hail falls most commonly at the 
hottest time of the day, and rarely in the night ; it is also 
very common during the summer months. It is very rare 
on tropical plains, and in some cases unknown ; the reason 
probably being, that the hail is melted in its passage through 
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the low warm air. This is supposed to be the cause of 
those large drops of rain which often precede a thunder- 
storm. Hailstones have often fallen as large as the egg 
of a hen, or even that of a goose. During a thunderstorm 
near the Cape of Good Hope, in 1860, there was a shower 
of ice, some of the fragments being almost as large as a 
brick ; and one the size of a millstone is said to have fallen 
near Seringapatam. The large blocks were probably formed 
by a number of hailstones frozen together. 

Ice. — ^Ice is crystallized water, and in the process of 
crystallization the molecules or atoms arrange themselves 
in hexagonal stars, just as in the formation of snow. 
Water in the act of freezing expands about one-eleventh 
of its own volume. This is an important provision in 
nature, for owing to this expansion the ice is lighter than 
the water not yet frozen, and floats upon the suiface ; and 
being itself a bad conductor of heat, a coat of ice once 
formed checks radiation, and thus tends to keep unfrozen 
the remainder of the water beneath it. 

Ice is however sometimes, though rarely, formed at the 
bottom of a river. It is then called ground ice^ and its 
formation is somewhat difficult to account for. When the 
surface of a stream is reduced in temperature, the density 
of the water is increased, the cooled portion sinks, and the 
warmer water rises from below. This circulation, how- 
ever, only continues until the whole body of fluid has been 
reduced to the temperature of 39°, after which, if the cold 
continue to increase, the water begins to expand, and 
therefore the cooled portion remains floating on the top 
until it is frozen. How then is it possible that the lower 
stratum should ever be frozen? It has been suggested 
that the mechanical action of a running stream mixes the 
entire body of water together, and that it is all cooled 
alike. When therefore the whole is reduced to the freez- 
ing point, ice begins to form at the bottom of the river for 
two reasons : first, because there is less motion there ; and, 
secondly, because the water is in contact with solid rock 
or pebbles which have a cold surface. It has been noticed 
in Russia that ground ice forms most readily when the sky 
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is cloudless. In that case the stones lying in the channel 
part with their heat by radiation more rapidly. When 
such ice breaks up, stones and gravel are often torn up 
from the bed of the river. Such ice, with gravel frozen 
on to the under side of it, has been noticed in the river 
Thames ; and in the Siberian rivers large stones are some- 
times brought to the surface in a similar manner. (Lyell.) 

Ice is always pure, as in the process of freezing it takes 
up none of the substances contained in the water from 
which it has been formed ; the ice of salt water, therefore, 
contains no salt. Fresh water freezes at 32° Fahr. ; salt 
water requires a much lower temperature, so that the sea 
is seldom frozen except in high latitudes. The water of 
the Arctic Ocean is always near the freezing point, and 
hence in winter large fields of ice are formed. As summer 
approaches these frozen fields are broken up into masses 
of what is called packed ice. Floating fields of ice, twenty 
or thirty miles in diameter, are very frequent, the thick- 
ness of the ice varying from ten to forty feet. These 
drifting ice-fields are known as ice-floes. 

Glaciers. — The snow which covers the summits of our 
loftiest mountains is kept from accumulating in three ways 
— first, by evaporation ; secondly, by snow-slips or ava- 
lanches ; and, lastly, by means of glaciers or ice-rivers. 
When a large quantity of snow has accumulated on the 
simimit of a mountain, the lower portions are squeezed and 
consolidated into a kind of ice ; and if this take place at 
the head of a ravine, the weight of snow above forces 
the solid mass to descend slowly. It does not rush down 
like an avalanche, for the whole mass moves together and 
is pressed down by the snow above, squeezed in by the 
sides of the ravine, and impeded by the roughness of 
the ground over which it moves. Creeping down slowly 
in this manner, it at length passes the snow-line, where in 
summer-time ordinary snow would be melted; but it 
forms such a large and compact mass that the sun has little 
power over it. The surface is perhaps melted during the 
day, but freezes again at night, and the glacier assumes 
more and more the nature of ice. '^ In a day of hot sun- 
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shine, or mild rain, innumerable rills of pure and sparkling 
water run in icy channels along the surface of the glaciers, 
which in the night shrink and come to nothing. They are 
often precipitated in bold cascades into deep fissures in the 
ice, and contribute, together with springs, to form torrents, 
which flow in tunnels at the bottom of the glaciers for 
many a league, and at length issue at their extremities 
from beneath beautiful caverns or arches. The waters of 
these streams are always densely charged with the finest 
mud, produced by the grinding of rock and sand under 
the weight of the moving mass. The length of the Swiss 
glaciers is sometimes between twenty and thirty miles, 
Sieir width in the middle portion, where they are broadest, 
occasionally two or three miles ; their depth or thickness 
sometimes more than 600 feet. When they descend steep 
slopes and precipices, or are forced through narrow gorges, 
the ice is broken up, and assumes the most fantastic and 
picturesque forms, with lofty peaks and pinnacles project- 
ing above the general level. Those snow-white masses 
are often relieved by a dark background of pines, as in 
the valley of Chamouni ; and are not only surrounded with 
abundance of the wild rhododendron in full flower, but 
encroach still lower into the region of cultivation, and 
trespass on fields where the tobacco plant is flourishing by 
the side of the peasant's hut." (Lyell, Principles of 
Geology,) 

The mass of snow above the snow-line which feeds the 
glacier is called the nevi. Very frequently two or more 
glaciers meet together at the junction of mountain valleys, 
and form an ice-stream of great thickness. When at length 
the glacier reaches a spot where the temperature is suf- 
ficient to melt the ice as rapidly as it can be supplied, it 
stops. A glacier seldom moves more than an inch or two 
in a day, and the most rapid progress never exceeds two 
or three feet daily ; it moves more quickly in summer than 
in winter. 

The cause of glacier motion has been a subject of care- 
ful investigation, and has given rise to much controversy. 
The motion is very similar to that of a river. The glacier 
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widens, bends, narrows ; and its centre moves more quickly 
than its sides. It also moulds itself to the form of the 
ground over which it is forced, exactly as if it were a 
viscous or plastic body like tar or treacle. But it differs 
from these substances in one important point : it cannot 
bear the least strain, but immediately cracks, forming deep 
crevasses ; or if the strain be very great, as when a glacier 
forms a cascade, it breaks up into fragments. Professor 
Tyndall has proved that glacier ice owes its apparent vis- 
cous nature to the property of regelation, a property dis- 
covered some years ago by Professor Faraday. 

If two pieces of ice, upon the point of thawing, are 
brought together, they will freeze at the point of contact. 
If a number of fragments of ice are placed in a basin of 
water and caused to touch, they will immediately freeze 
together, and a chain of such fragments may be formed. 
Chains of icebergs are sometimes formed in this way in 
the Arctic seas. The making of a snowball is an illustra- 
tion of this property. Snow confiists of small particles of 
ice, and if pressure be applied the particles adhere and a 
round ball is formed. This property only belongs to ice 
when in a thawing condition. If the temperature of snow 
is much below the melting point, a snowball cannot be 
formed ; pressure only reduces the snow to a fine powder. 
It is evident that in virtue of this property ice may be made 
to assume any form we please. Place a piece of ice in a 
mould and subject it to pressure, it will break into frag- 
ments ; squeeze these fragments forcibly together, and the 
ice is once more a coherent mass, but has now taken the 
shape of the mould. By means of suitable moulds, and 
by regulating the pressure, the shape of the ice may be 
changed to any extent, and cups, rings, balls, and ropes 
may be formed. As with snow, however, if the ice be 
much below the melting point, pressure would not cause 
the fragments to freeze together ; it would simply reduce 
the ice to a white powder. 

The foregoing illustrations explain the whole history of 
the glacier. The snow of the neve is first of all changed 
into ice by the pressure of the superincumbent mass. Then 
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as the glacier proceeds on its course, the fissures and 
crevasses formed in one stage of its progress are afterwards 
closed when brought again into contact by pressure from 
behind. The ice current may be shivered as it passes over 
some ledge of rock, but the parts again unite, and the 
glacier proceeds on its course. When two glaciers meet, 
their sides at once unite firmly together and form one mass; 
and just as the ice when put into various moulds arid sub- 
jected to a regulated pressure can be made to alter its 
form, so we may understand how a glacier can be squeezed 
through the gorges of the Alps, can accommodate itself to 
the curvatures of valleys, and can present all the features 
of a fluid or viscous body in motion, without at the same 
time possessing one particle of viscosity. 

We have referred in a former chapter to the effect of 
glacier action. As the ice- stream moves down the valley 
it grinds and polishes the rocks which form the bottom 
and sides of its bed. Fragments of stones fall through 
the crevasses, and, getting between the ice and the rocks 
below, are pushed along, their angles being more or less 
worn off, and many of them are entirely ground into mud. 
The harder stones and fragments, becoming embedded in 
the glacier, furrow and scratch the rocky channel and sides 
of the ravine, and leave those flutings and marks of stria- 
tion which indicate the action of a glacier long after it has 
ceased to exist. As the ice -stream slowly makes its way 
down the slope of a mountain, stones and fragments of 
rocks descend from the cliffs which form the sides of the 
ravine, and these form a dark line on each side of the 
glacier, known as lateral moraines. When two glaciers 
unite, the lateral moraines on the inside join, and form a 
third line called the medial moraine; sometimes three or 
even more contribute to the main ice-stream, and these 
feeders can always be distinguished, even after their junc- 
tion, by the dark lines of debris. Lastly, at the termina- 
tion of the glacier, when the ice is at length melted by 
the higher temperature, the stones and debris brought 
down by the ice-stream are left in a confused mass, known 
as the terminal moraine. 
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The motion of the glacier, as before mentioned, is ex- 
tremely slow, and can only be detected by careful obser- 
vation. If a number of stakes are fixed in the ice, in a 
line with an object on either side of the ravine, in the 
course of twenty-four hours it will be found that the stakes 
have moved forward some distance, and no longer form a 
straight line, but are curved, the centre of the ice-stream 
having moved more quickly than the sides. Occasionally 
a glacier seems to retreat, that is, its termination is higher 
up the mountain than usual. This takes place when, 
owing to an unusually hot summer, the ice is melted more 
quickly than it can be supplied from above. When this 
happens, a portion of the ordinary bed of the glacier is 
laid bare, and the polishing and fluting effect of the ice 
upon the rocks over which it has moved can then be dis- 
tinctly seen. In many parts of Switzerland smooth, dome- 
shaped masses of rock are met with, locally known as 
roches moutonnSes, from their resemblance to the backs of 
sheep when lying down. These owe their rounded and 
smooth outlines to the action of glaciers when they ex- 
tended beyond their present limits. 

The summit of Mont Blanc is the centre of several gla- 
ciers. On the south-east is La Brenva ; on the south-west, 
that of Miage ; on the north-west, the glacier de Bionassay ; 
and on the north, that of Bossons. This last descends 
towards the valley of Chamouni, and lies in the route by 
which Mont Blanc is ascended. Travellers generally fol- 
low the solid ground as high as possible on the east side of 
the Glacier de Bossons. The glacier is then crossed, and 
the bold rocks called the Grands Mulets gained, where the 
first night is passed at a height of 10,000 feet above the 
sea. The traveller then crosses an elevated valley, filled 
with ice and snow, called the Grand Plateau. The snow 
here forms the n^ve of the Glacier de Bossons. This part 
of the route is dangerous on account of the avalanches 
which descend from the lofty ridges on the right. After 
another ascent the Petit Plateau is attained.. The traveller 
then turns abruptly to the left, and commences to climb an 
icy acclivity in which steps must be cut by the guides. 
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This being surmounted, the last rocks are reached, and 
soon after the summit of Mont Blanc is attained. 

The largest and most complex glacier in the main chain 
of the Alps is the Mer de Glace, which gives rise to the 
river Arveiron, a feeder of the Arve, about two miles above 
the village of Chamouni. The Glacier de Bois, as the lower 
part of the Mer de Glace is termed, is rather precipitous, 
until a little below the ChS.let of Montanvert ; it then be- 
comes comparatively level. The Mer de Glace has a mean 
breadth of about half a mile. At Mont Tacul it divides : 
on the east is the Glacier de Lechaud, which takes its 
origin at the foot of the Grand Jurasse, quite in the axis 
of the chain ; on the right is the GJacier du Geant, which 
descends from a summit of the same name which exceeds 
11,000 feet in elevation. Just where this glacier emerges 
from the neve there is a cataract down which the ice- 
stream is precipitated and broken into a thousand pieces. 
These, however, are again united by regelation, and the 
glacier continues its descent. The whole surface of ice 
and snow connected with the Mer de Glace has been esti- 
mated at 17 J square miles. 

The Great Aletsch Glacier, in the Bernese Alps, has an 
area of thirty- two square miles. It descends from the sides 
of the Aletsch-hom — a mountain as lofty as Jungfrau, and 
which stands immediately opposite to it on the south. Here 
three valleys meet, and each contributes its ice- stream to 
form the vast plain of snow and ice called Eismeer, from 
which the Aletsch Glacier is fed. No view of its kind in 
the Alps is more admirable than that from this central 
point. Iij the lower part of its course this glacier blocks up 
the end of a tributary valley, and gives rise in this way to 
a small lake, called the Margelen Sea. Miniature ice- 
bergs, detached from the ice-barrier, may sometimes be 
seen floating over the lake, laden with stones and debris ; 
and as the fragments gradually melt, the little icebergs 
topple over, strewing the bottom of the lake with sand and 
gravel. The Great Aletsch Glacier terminates in a nar- 
row ravine, so deep and difficult of access that few travel- 
lers have seen it. The length of this glacier is about 
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sixteed miles, and its average breadth about a mile and a 
quarter. 

It is said that the total quantity of glacier ice ii^fthe 
Alps exceeds 1400 square miles, and that this ice is from 
80 to 600 feet thick. There are no glaciers east of the 
Great Glockner, except in the small group of Hallstadt. 
The Scandinavia peninsula presents glaciers on a grand 
scale, some of which descend as low as 2000 feet above 
the sea-level. There are also large glaciers in the Cau- 
casus range. In the Himalayas they descend to about 
10,000 feet, and are of large dimensions. The glaciers 
chiefly occur in the Korakorum range, where the Great 
Mustagh Glacier is thirty- six miles in length. Another 
glacier in the same range is said to be sixty miles long. We 
have already referred to the Tasman Glacier in New Zea- 
land, which is twelve miles long, and almost two miles in 
breadth. There are many others of great extent : on the 
slopes of Mount Forbes large glaciers are formed which 
give birth to two waterfalls 800 feet in height. 

Icebergs. — We have seen that glaciers often descend 
two or three thousand feet below the snow-line ; now, as 
the snow-line in the extreme north of Europe is only 2000 
feet above the level of the sea, we can readily understand 
that in high latitudes the glaciers will actually reach the 
ocean. The most southerly point in Europe where a 
glacier reaches the sea is in Norway, at latitude 67** north. 
When this takes place, the buoyancy of the water causes 
the end of the glacier to break off, and the fragment floats 
away as an iceberg. The great source of icebergs in the 
Atlantic is Greenland, and some of them are of immense 
size, often several miles in circumference, and two or three 
hundred feet in height. And when it is remembered that 
there is always seven or eight times as much ice below the 
surface of the water as above it, we may form some notion of 
their huge bulk. Dr Scoresby counted 500 icebergs on the 
east coast of Greenland, drifting away southward. They 
varied from a few yards to a mile in circumference, and 
rose to a height of one hundred or two hundred feet. On 
the opposite coast, in Baffin's Bay, Sir John Ross saw 
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several aground in water 1500 feet deep. In the southern 
hemisphere. Sir James Ross met with multitudes, generally 
with flat tops, bounded by perpendicular cliffs 100 to 180 
feet higjh, and sometimes several miles in circumference. 

In the northern hemisphere icebergs are seldom met 
with further south than 48** north. In the North Pacific 
they are not seen, as Behring Strait is too shallow to per- 
mit their passage from the Arctic Ocean ; and in the At- 
lantic they are melted by coming in contact with the warm 
waters of the Gulf Stream. When the icebergs melt, the 
earth, stones, and gravel which they contain are spread 
over the bed of the ocean, and in this way it is supposed 
the Banks of Newfoundland have been formed. In the 
southern hemisphere the icebergs approach ten degrees 
nearer the equator. In 1829 one was seen off the Cape of 
Good Hope. It was two miles in circumference, and one 
hundred and fifty feet high. 

Besides the influence which they exert upon the surface 
of the globe by transporting material from one part to an- 
other, icebergs have an important bearing upon climate. 
Many of them in their course southward of Greenland are 
driven into Hudson's Bay, and there diffuse an excessive 
cold over all the neighbourhood. At the mouth of Hayes 
River, which is in the same latitude as the south of Scotland, 
the ground is frozen, even in summer-time, at the depth of 
four feet. At intervals of four or five years a large number 
of icebergs floating from Greenland are stranded on the 
west coast of Iceland. The inhabitants are then aware 
that their crops of hay will fail, in consequence of the fogs 
which are generated almost incessantly. Nor is this all : 
the temperature of the water is so changed that the fish 
entirely desert the coast (Lyell.) 
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CHAPTER XIV. 

Springs — Rivers — Lakes. 

Of the total quantity of water which falls upon the 
earth in the form of snow or rain, a portion is carried 
off by rivers into the sea, another portion is evaporated 
and carried back into the atmosphere ; the remainder 
sinks into the ground. This portion is not lost ; it circu- 
lates through the crust of the earth, in some parts forming 
pools, in others, underground rivers. These rivers differ 
from streams on the earth's surface; for they sometimes 
sink to great depths, and then rise again through hydraulic 
pressure. When water reappears again at the surface, 
through some natural channel, it forms a spring. 

Springs are of two kinds — cold, and thermal or hot 
springs. Cold springs, again, may be either surface or 
deep- seated. When the bed of rock — using the term in 
its geological sense — is perfectly open and pervious to 
water, like sand or gravel, and rests upon some impervious 
rock, such as a bed of clay, the rain-water soaks through 
the sand or gravel, and collects in pools on the impervious 
stratum. If a hole be then dug through the upper strata, 
water will rise to a certain height, much in the same way 
as sea- water filtrates into any hollow which we dig in the 
sands at low tide. Such surface springs are very common 
on the sides of hills or mountains, especially where the 
upper strata consist of chalk, sand, or other permeable 
substances. The supply of such springs depends almost 
directly upon the rainfall of the immediate district, and 
therefore they often entirely cease during a long drought. 

Deep-seated springs are such as depend for their supply 
upon water which has sunk to a great depth, and has then 
again risen to the surface. Their nature is illustrated by 
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the formation of an Artesian well When a pervious 
stratum lies between two impervious strata, the water 
absorbed along the line of outcrop collects in pools. If, 
now, a boring is made through the upper impervious 
stratum, the water will rush up to find its level. Such 
wells are called Artesian, from the town of Artois, where 
such borings attracted attention during the middle ages. 
There are many such wells in the neighbourhood of 
London, some of considerable depth. A celebrated ex- 
periment of this kind was tried at Grenelle, in the suburbs 
of Paris, in 1834, when a depth of 1600 feet was reached 
without finding water ; when the boring-rod had descended 
to 1800 feet, water, with a temperature of 82°, rushed up 
in great quantities. Now, if, instead of this artificial chan- 
nel, the water had found an outlet through some fissure in 
the upper impervious bed, it would have formed a deep- 
seated spring. 

At Tours, in 1830, a well was sunk, and when the water 
rushed up, it brought a great quantity of fine sand, shells, 
seeds, and other vegetable matter, and it was thought, 
from the nature of the shells and vegetable remains, that 
the water had come from the valleys of Auvergne, 150 
miles distant. In some cases, small fish, with perfect 
eyes, unlike those found in underground channels, have 
been brought up alive. These facts seem to suggest the 
idea that leaky beds of rivers are often the feeders of 
springs; and it is very probable that the ocean itself 
supplies large quantities of water to the underground 
circulation. 

Intermittent springs are common, and occur under various 
circumstances. On the banks of the Thames, between Rich- 
mond and London, the wells regularly ebb and flow with 
the tide, owing to the porous nature of the river's banks, 
which are alternately saturated and drained by the tide. 
In other cases, the intermission may arise from the fact 
that the spring issues from an opening in the side of a 
reservoir fed from above. If the supply be not equal to 
the waste, the water will sink below the opening, and the 
spring will stop until the reservoir be replenished. Or, if 
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the opening happen to form a natural syphon, the discharge 
will continue until the cavity is empty, and then cease until 
the water once more reaches the highest pwnt of the curved 
channel through which it issues. 

Thermal springs, in many instances, derive their tem- 
perature from the depth to which their water has de- 
scended ; this was the case with the water which issued 
from the Artesian well at Grenelle ; and that experiment 
seemed to fix the increase of temperature at the rate of l"" 
Fahr. for every 60 feet of descent. In many instances, 
however, hot springs seem to be connected with centres 
of volcanic disturbance. During the earthquake of Lisbon, 
the spring called La Source de la Reine at Bagneres de 
Luchon, in the Pyrenees, was suddenly raised as much as 
70**, or changed from a cold spring to one of 122** Fahr., 
a heat which it has since retained. Indeed, it may be 
accepted as a general truth, that in regions where volcanic 
eruptions still occur, hot springs are abundant, and occa- 
sionally attain a boiling temperature ; while, in proportion 
as we recede from such centres of igneous activity, the 
thermal waters decrease in frequency and average heat. 

Geysers, — ^The most striking phenomena connected with 
boiling springs may be seen in the geysers of Iceland. 
They occur in the south-western district of the island, 
where nearly 100 of them are said to break out in a 
circuit of two miles. The Great Geyser rises out of a 
spacious basin at the top of a circular mound, composed 
of siliceous incrustations deposited from the spray of the 
water. The basin is about fifty feet in diameter and four 
feet deep, terminating downward in a smooth pipe eight 
or ten feet in diameter. The water in the pipe appears to 
be in a constant state of ebullition. It rises, and gradually 
fills both the pipe and the basin. Subterranean noises are 
then heard, the ground is slightly shaken, and a column of 
water is thrown up, with loud explosions, to the height of 
100 or 200 feet. After playing for a while like a fountain, 
and giving off great clouds of vapour, the pipe is emptied, 
and a column of steam, rushing up with amazing force, 
finishes the eruption. Few of the geysers play longer 
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than five or six minutes at a time, though sometimes half 
an hour. The Great Strockr, which stands about 140 
yards from the Great Geyser, is rather less in size. 

The cause of these explosions appears to be the rapid 
formation of steam under the pressure of a high column of 
waten It has been foimd by experiment that the tem- 
perature of the water in the tube of the Great Geyser is 
sometimes as much as 266° Fahr., and this is explained by 
the fact, that water, when long boiled, becomes more and 
more free from air, and thus the cohesion of its atoms is 
much increased. When, therefore, the heat is at length 
sufficient to overcome this force of cohesion, the production 
of steam is so considerable, and so instantaneous, as to 
cause an explosion. 

It is generally considered that the geysers are pheno- 
mena peculiar to Iceland ; but, recently, it has been dis- 
covered that the volcanic district in the upper basin of the 
Yellowstone contains a geyser region which far surpasses 
Iceland in the number and size of its boiling fountains. 
The largest of these, called the Grand Geyser, springs 
from a vast tube 20 to 25 feet in diameter, down which, 
when quiet, the eye can pierce to a depth of 180 feet : 

" The edge of the basin is bounded by a heavy fringe 
of rock, and stalagmite in solid layers is deposited by the 
overflowing waters. When an eruption is about to occur, 
the basin gradually fills with boiling water to within a few 
feet of the surface, then suddenly, with heavy concussions, 
immense clouds of steam rise to the height of 500 feet, 
and the whole great body of water, 20 by 25 feet, ascends 
in one gigantic column to the height of 90 feet ; from the 
apex of this column, five great jets shoot up, radiating 
slightly from each other, to the unparalleled altitude of 250 
feet from the ground. The earth trembles under the 
descending deluge from this vast fountain; a thousand 
hissing sounds are heard in the air; rainbows encircle 
the summits of the jets with a halo of celestial gloiy. 
The falling water ploughs up and bears away the shelly 
strata, and a seething flood pours down the slope and 
into the river. It is the grandest, the most majestic, and 
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most terrible fountain in the world. After playing thus 
for twenty minutes, it gradually subsides, the water lowers 
into the crater out of sight, the steam ceases to escape, 
and all is quiet. This Grand Geyser played three times in 
the afternoon, but appears to be irregular in its periods, as 
wo did not see it in eruption again while in the valley. 
Its waters are of a deep ultramarine colour, clear, and 
beautiful. The waving to and fro of the gigantic foun- 
tain, in a bright sunlight, when its jets are at their highest, 
affords a spectacle of wonder of which any description can 
give but a feeble idea." (Wonders of the Yellowstone,) 

Mineral Springs. — All springs are more or less charged 
with solid matter, but when this foreign material is in 
excess, the springs are called mineral. This is often the 
case with cold springs, which frequently contain solutions 
of iron, salt, or other substances, but is always the case 
with thermal springs. For the warm water, in rising 
through the crust of the earth, dissolves certain portions, 
and often deposits large quantities of mineral matter at its 
outlet. The basins and mounds of the geysers have been 
thus formed. Some springs contain lime; others, iron; 
and others, again, gold. Indeed, there is scarcely a sub- 
stance known that has not been detected in greater or less 
quantities. 

The hot springs of Bath have a temperature of 120°, 
which is much above that of any other springs in Englanfd, 
and the minerals held in solution are sulphates of lime 
and soda, and the chlorides of sodium and magnesium. 
Various gases, especially nitrogen and carbonic acid, are 
also evolved from these springs. Professor Ramsay has 
calculated that if the mineral ingredients which they pour 
out were solidified, they would form, in one year, a square 
column nine feet in diameter, and 140 feet in height. The 
warm springs of Buxton have a temperature of 82^ 

Calcareous springs are among the most common; for 
rain-water, percolating through the earth, becomes charged 
with carbonic acid, and then easily dissolves limestone 
rocks. Hence the large caverns we meet with in Derbyshire 
m^ other limestone districts. In Northern Italy calcareous 
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springs, depositing a kind of chalk or limestone called /rarer- 
tin, are very common. In some instances compact layers, 
15 or 20 feet in thickness, which serve as excellent build- 
ing-stone, have been thus deposited. At the baths of San 
Filippo, in Tuscany, a manufacture of medallions in basso- 
relievo is carried on. The water is caused to drop in spray 
upon moulds which have been rubbed lightly over with a 
solution of soap, and a deposition of solid matter like 
marble is the result, yielding a beautiful cast of the figures 
formed in the mould. 

Ferruginous or chalybeate springs are such as contain 
iron. The water of almost all springs contains more or less 
of iron in solution, and some are so copiously impreg- 
nated with it as to stain with red the rocks and herbage 
over which they flow. At Eifel, in Germany, there are 
springs which bring nearly two tons of iron to the surface 
every twenty-four hours. We have already referred to 
siliceous springs in connexion with the geysers. In order 
to hold any considerable quantity of silica in solution, it 
seems necessary that the water should have a very high 
temperature. There are some celebrated siliceous springs 
in the island of San Michael, in the Azores. Chester 
is celebrated for its brine springs ; there are also some 
springs in Worcestershire which are extremely rich in salt. 
These brine springs rise up through strata of sandstone 
and red marl, which contain large beds of rock-salt. The 
Carlsbad waters, in Bohemia, bring to the surface annually 
a quantity of sulphate of soda that would yield 15,000 
tons of the ciystalHzed mineral. Arsenic is often found in 
mineral waters. There is a spring near Utica, on the north 
coast of Africa, which contains 72 grains of solid matter per 
gallon, of which 12^ grains are arseniates of potash and 
soda. The waters, however, are said to be inoffensive, and 
are used for drinking both by men and cattle. 

Of the gases, oxygen, hydrogen, nitrogen, and ammonia 
are very common, either in a free state or in combination. 
Nearly 90 per cent, of the gases evolved by the springs of 
Aix-la-Chapelle consist of nitrogen, while the springs in the 
volcanic district of Auvergne produce immense quantities 
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of carbonic acid gas. Boracic acid is almost peculiar to 
Tuscany, but it is found also in combination with soda, in 
some parts of Thibet. Carburetted hydrogen gas is dis- 
charged from the earth in many places where coal abounds. 
At Fredonia, in the State of New York, it is conveyed in 
pipes for domestic use. Since 1854 various places in 
North America have yielded enormous quantities of rock- 
oil, or petroleum. The springs of Pennsylvania are said to 
yield more than 1,000,000 barrels of crude oil per annunv 

Bivers have their origin in springs, glaciers, or lakes. 
Sometimes the source of a river may be determined with- 
out difficulty, as with the Ganges, for example, which 
issues as a broad stream from a huge ice cavern. In most 
cases, however, the head-waters of a river consist of a 
number of streams, and it is next to impossible to select 
any one as the real source. Dr Livingstone describes the 
sources of the Lualaba as a perfect network of streams 
rising out of a spongy soil. The course which a river will 
take depends upon the general slope of the country. Gra- 
dually the several streams draining this slope are taken up 
by one channel, and the river winds its way to the sea, 
augmented from time to time by the feeders which join it 
on either hand. The whole area drained by a river and its 
tributaries is called the river-basin, and the- line which 
separates one river-basin from another is termed a water- 
shed, or water-parting. The line of watershed is not neces- 
sarily a ridge of high ground ; in some instances the feeders 
of a river rise at no great elevation, and in their course 
towards the main stream cross through those hill-ranges 
which at first sight seem to form the watershed. This is 
especially the case in some parts of England where chalk 
ranges are found. 

Occasionally the line of water-parting is so level that the 
upper streams of independent rivers mingle together. Thus 
the Cassiquiare, a feeder of the Orinoco, has communication 
with the Rio Negro, a tributary of the Amazon ; and in 
South Africa there is the small lake Dilolo, which sends 
out streams to the Zambesi on the one hand, and to the 
Congo on the other. We have an example also in Norway. 
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The small lake of LessoSvark, which lies at the summit of 
the Dovrefield, at an elevation of 2000 feet, has a stream 
issuing from it at each end, one of which forms the Logon, 
a feeder of the Glommen, and the other flows through the 
valley of Romsdaal into the Atlantic Ocean. 

Rivers which have their sources within the tropics rise 
and fall periodically, with the occurrence of the rainy 
season. The Nile affords a well-known example. In 
temperate regions the floods are irregular, and some streams, 
like the St Lawrence, vary very little in the volume of 
water discharged during the year. A great deal de- 
pends upon the nature of the river's source, and also 
upon the character of its basin. If a river rises in a glacier, 
or is fed by mountain snows, its supply is kept up in sum- 
mer, when otherwise it would suffer from drought. Lakes, 
again, form what are termed " flood moderators." A large 
drainage area has something of the same effect as lakes 
in keeping up a regular supply, since the droughts in 
one part of the basin are counterbalanced by floods in 
another part. Something also depends upon the nature of 
the surface. Where the subsoil is gravel, chalk, or lime- 
stone, a great part of the rainfaU is absorbed, and floods 
do not occur until the soil has been thoroughly saturated. 
Where the soil is less absorbent, especially in smaller 
streams, a flood succeeds almost every rainfall. 

The channel in which a river flows has been scooped out 
by the river itself, and sometimes large valleys have been 
formed in this way. In some desert tracts, as in Turkestan 
and Australia, for example, the rivers have no proper 
channels. After heavy rains they overflow and spread 
their waters oyer a large extent, forming shallow lakes or 
marshes ; and in the dry season they consist of a mere suc- 
cession of pools. At some future time they may have 
worn channels for themselves deep enough to keep up a 
perennial supply of water, but in the meantime their 
annual floods are beneficial in irrigating the wastes which 
lie around them. 

The quantity of solid matter carried down by some rivers 
is enormous, and is the measure of the amount of denude* 
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tion which they effect. In all cases a considerable portion 
of this solid material is carried down to the sea, and in 
some instances forms extensive deltas. It would seem to 
be the tendency of all large rivers to form deltas. The 
estuary of the La Plata is much smaller than it was formerly, 
and it is now very shallow in many parts and full of shoals. 
It is remarkable that there is no delta of any importance in 
the British Islands. 

When we take a general survey of the great rivers of 
the globe, it is curious to notice how many flow into the 
Atlantic Ocean, and how very few into the Pacific; and 
when we recollect the important influence which large 
rivers have upon civilization, this distribution would seem 
to point out the Atlantic as the great centre of civilization 
in the future, as the Mediterranean was in ancient times. 
We can only glance very briefly at this aspect of the 
question. 

The Arctic Ocean receives the large rivers of Northern 
Asia — the Lena, Yenesei, and the Obi. In Europe the 
Petchora flows directly into this ocean, and the Mezen and 
Northern Dwina into the White Sea, an arm of it. In 
North America the chief tributaries to the Arctic Ocean 
are the Back River, the Mackenzie, and the Colville. 

The Atlantic receives the chief rivers of the globe. In 
North America there are the Saskatchewan, the St Law- 
rence, and the Mississippi. The Saskatchewan rises in the 
Rocky Mountains, and flows through a fertile belt of country 
into Lake Winnipeg; out of this lake, which receives several 
other streams, flows the Nelson, which empties itself into 
Hudson Bay. The St Lawrence drains the great Ameri- 
can lakes, and is said to contain in its basin half the fresh 
water upon the globe. In South America almost the whole 
drainage of the continent flows into the Atlantic. The 
chief rivers are the Orinoco, the Amazon, and the La 
Plata. All the great rivers of Europe, except the three 
already mentioned as flowing into the Arctic Ocean, and 
the Oural and Volga, which enter the Caspian, flow into 
the Atlantic either directly, or into some sea which com- 
municates with it. The principal rivers of Africa — ^the Nile, 
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Niger, Congo, and Orange River — also contribute to this 
ocean. 

The Indian Ocean. — ^The rivers of Eastern Africa, the 
chief of which is the Zambesi ; the Tigris and Euphrates, 
which empty themselves into the Persian Gulf; and the 
rivers of Hindostan and Further India, with the exception 
of the Menam, — all belong to the Indian Ocean. To this 
ocean also belongs the Murray, the only river of any note 
in Australia. 

The Pacific Ocean, — The great Asiatic rivers draining 
into the- Pacific are the Menam, the Yang-tse-kiang, the 
Hoangho, and the Amoor. In North America we have 
the Yukon, Eraser, Columbia, and Colorado : and these are 
really all the important rivers that flow into the Pacific. 
This is easily accounted for when we recollect that its 
shores — except on the east coast of Asia — are everywhere 
hemmed in by mountain-chains. 

It is difficult to estimate the drainage areas belonging 
to the various oceans, but a glance at the map will show 
that by far the largest share belongs to the Atlantic, and 
that the Arctic Ocean comes next. It is a curious fact 
that by far the greater number of the important rivers in 
the globe flow in an easterly direction ; those which flow 
to the south and north being next in number, while very 
few large rivers flow westward. This is of course owing 
to the structure of the surface of the continents, and the 
arrangement of the mountain- chains. 

Inland Basins. — Some streams never reach the ocean 
either directly or indirectly. This is especially the case 
in Central Asia and Eastern Europe. Thus the Volga and 
Oural empty themselves into the Caspian, which has no 
outlet ; the Sir and Amoo, into the Sea of Aral ; the Cash- 
gar, into Lake Lob ; and the Helmund, into Lake Zurrah. 
The Caspian and Aral occupy a great depression in the 
surface of the globe : the Sea of Aral is only forty feet 
above the level of the ocean, while the Caspian is far be- 
low it. It is very probable that at no distant period the 
Sea of Aral, the Black Sea, and the Caspian, with the in- 
tervening land, were covered by a large body of water. 
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Owing probably to excessive evaporation, caused by the 
extreme dryness of the air, this large sea has in parts been 
dried up, and hence we may perhaps account for the 
numerous small salt lakes that abound in this region. 

This depressed region is separated from the island basin 
round Lob Nor by the celebrated plateau of Pamir. On 
the summit of this plateau, at an elevation of 15,600 feet, 
is Sir-i-kol, or Victoria Lake, said to be the most elevated 
sheet of water upon the globe, and out of it issues one of 
the main head streams of the Amoo or Oxus. Consider- 
able attention has been recently drawn to this river, owing 
to the advance of Russia in Central Asia. It has been the 
object of England to establish a neutral territory between 
the country occupied by Russia and the frontier of India. 
Russia has promised to respect some outlying provinces 
belonging to Afghanistan, and the line of the Upper Oxus 
has been agreed upon as the southern limit of Russian 
territory in this part of the Asiatic continent. 

A large portion of Northern Africa, occupied by the des- 
ert of Sahara, is destitute of rivers ; but to the south of it 
lies Lake Tchad, which receives several streams, but has no 
outlet. In South Africa, Lake Ngami is a similar lake. 
The whole interior of Australia is destitute of anything 
deserving the name of river. In North America, the great 
basin of Utah has an inland drainage ; and in South 
America, the plateau of Titicaca, and some other portions 
of the Andes, have also inland drainage areas. 

Lakes are hollows or depressions in the earth's surface 
partially filled with water, which is supplied by springs or 
rivers, or, in some cases, the lake may be the remains of a 
large sheet which once communicated with the ocean. 
They have been classed into four divisions, which it may 
be convenient to notice : 

1. Those which neither receive nor emit streams. Such 
lakes are very rare, and generally small. In the Ural 
Mountains and in the basin of the Obi there are many of 
these, some of fresh and some of salt water. The former 
are doubtless fed by springs, the latter are probably the 
remains of an ancient arm of the sea which once filled the 
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hollow now drained by the Obi. Lakes of this kind also 
sometimes occupy the craters of extinct volcanoes. Such 
a lake is the picturesque Albano, in the neighbourhood of 
Rome, which is about six miles in circumference, and is 
surrounded by villas and olive-gardens. 

2. Lakes which receive streams, but do not discharge 
any. Such lakes are numerous in Asia; we need only 
mention the Caspian, the Sea of Aral, Lake Balkash, the 
Dead Sea, and Lob Nor in Central Asia. Africa furnishes 
us with examples in Lake Tchad and Tanganyika. In 
these cases the surplus water must be carried off by evapor- 
ation, or by underground channels. Where the excess is 
carried off by evaporation, the lake is generally more or 
less salt. For every stream that enters it cames into it 
mineral matter of various kinds, and as nothing but pure 
water is evaporated, the water that is left must in time 
lose its freshness. No outlet has yet been discovered in 
Tanganyika, and yet its waters are remarkably sweet; it 
is probable therefore that it has some subterranean outlet. 
Lake Zurrah, which receives the Helmund, but which has 
no outlet, is another example of the same kind : its waters 
are quite fresh. 

3. Lakes which have no feeders, but have outlets. Such 
is Sir-i-kol, the source of the Oxus ; Seliguer, the source 
of the Volga ; and Lake Itasca, the source of the Mis- 
sissippi. 

4. By far the most numerous class of lakes, however, 
are those which both receive and give out streams ; and 
these are often mere expansions of the river. 

We have spoken of the second class of lakes as having 
a tendency to become salt. The most intensely salt of all 
known lakes is Eltonsk, in the steppes east of the Volga. 
It has an area of 130 square miles, and furnishes two- thirds 
of the salt consumed in Russia. Next to the Eltonsk 
comes the Dead Sea, with its intensely bitter waters. It 
occupies a remarkable depression, being 1312 feet below 
the level of the Mediterranean. There are several salt 
lakes in Persia : in the north-west is Urumiyah, 300 miles 
in circuit. Its water, which is perfectly clear, contains one 
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fourth of its weight of saline matter, and fish cannot live 
in it. The Lake of Assal, on the coast of Africa, nearly 
opposite Aden, is interesting as showing us how lakes are 
sometimes formed. Its surface is 570 feet below the level 
of the sea, and it has a circumference of 16 miles. It is 
separated from the ocean by a barrier of lava raised by 
volcanic agency at a comparatively recent period. 

We have stated that some lakes occupy the craters of 
extinct volcanoes, that others are the remains of an ancient 
sea, and that others, again, like Lake Assal, have been 
produced by changes in the earth's surface. By far the 
larger number of lakes, however, occupy rocky basins which 
seem to have been scooped out by some powerful agency. 
Professor Ramsay is of opinion that these hollows have 
been caused by glacier action. In the lakes of Cumber- 
land and Westmoreland, in those of Killarney, and in many 
of the lakes of Wales and Scotland, glacier action may be 
distinctly traced : and it is a remarkable fact, that in both 
hemispheres those parts of the continents which were for- 
merly covered with glaciers now contain the most lakes : 

"If we examine the maps of the northern hemisphere 
generally, beginning at the equator and going north, it is 
remarkable that, excepting lagoons and crater lakes, we 
find very few important lakes in its southern regions, and 
these chiefly in Central Africa, where no one has yet tried 
to account for them. As we proceed northwards in 
America, in latitudes 38° and 40°, the lakes begin to in- 
crease, and soon become tolerably numerous. North of 
New York, towards the St Lawrence, they become so 
numerous that they appear on a map to be scattered over 
the whole country in every direction ; and beyond this, to 
the west and north of Lake Superior and the St Lawrence, 
the whole country is, so to speak, sown broadcast with lakes 
large and small; and a vast number of small ones are 
omitted, partly for want of room, and partly because they 
are unknown to topographers. The whole of that country 
has been completely covered by ice, as the researches of 
geologists show." {Phys. Geol. and Geog. of Ot. Britain,) 

Whether it be owing to the former presence of glaciers 
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or not, ihe northern continents are much richer in lakes 
than the southern continents. Africa seems to be an ex- 
ception ; but it is remarkable rather for the size of its lakes 
than for their number. The lakes with which recent dis- 
coveries m Africa have made us acquainted are the Bang- 
weolo, the Moero, the Lanji, and Jjake Kassah. The first 
three are drained by the Lualaba ; the fourth by an afflu- 
ent. From Lake Lanji the Lualaba flows, to the north- 
west, and is joined on the left bank by a stream called the 
Lomani. It then enters Lake Sankorra, and the river 
which issues from this lake is now known to be the Congo. 

The lakes which occur in South America are found 
chiefly in the elevated valleys and table-lands of the 
Andes. Of these Titicaca is by far the most important. 
This great lake has an area of nearly 3000 square miles, 
is in many places 120 fathoms in depth, and lies at an ele- 
vation of nearly 13,000 feet. It is surrounded by splendid 
scenery ; its water is sweet, and abounds in fish, and its 
shores are cultivated by the inhabitants of populous villages. 
It receives several streams from the Andes, but has only 
one outlet, the river Desaguerdero, which flows southward 
into a lake or marsh. Titicaca contains several islands, 
from the largest of which it has received its name. This 
island, which stands near the south-eastern extremity of the 
lake, was held in great veneration by the ancient Peruvians, 
as on it tradition placed the first appearance of Manco 
Capac, the founder of the Inca dynasty. Numerous remains 
of Peruvian architecture still exist on the island. 

Australia is very deficient in lakes. Lake Torrens, as 
we have already stated, is nothing more than a chain of 
ponds. After heavy rains large areas are no doubt inun- 
dated, but the water is soon evaporated, and the lakes be- 
come little better than marshes. New Zealand contains 
numerous lakes, some of which in South Island are of 
glacier origin. Lake Taupo, in North Island, is 36 miles 
long by 25 broad, and gives rise to the Waikato river. 
Tasmania also contams numerous lakes. 
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CHAPTER XV. 
Rivers and Lakes of Europe. 

Most of the rivers of Europe flow either to the north-west 
or south-east. In the western part of the continent the 
lines of watershed are formed by mountains, but in the 
east of Europe the line of water-parting is merely an 
elevated part of the Great Plain. This line begins in the 
northern declivity of the Carpathians, about the twenty- 
third meridian, in a low range of hills which separates the 
Dnieper and Vistula. It then winds in a tortuous course 
along the plain to the Valdai Hills, which, though the 
highest part of the line of watershed, only attain an eleva- 
tion of 1200 feet. The line then runs northward towards 
the Onega, about the 60th parallel, and finally turns east 
to the sources of the Kama in the Ural Mountains, about 
the 62d parallel. 

The chief rivers which flow to the north-west, in Europe, 
are the Petchora, which flows into the Arctic Ocean • the 
Mezen, Dwina, and Onega, which flow into the White Sea ; 
the Neva, Duna, Vistula, and Oder, into the Baltic ; the 
Elbe and Rhine, into the North Sea ; the Seine, Loire, and 
Garonne, in France ; and to these may be added the Douro, 
Tagus, Guadiana, and Guadalquiver, in the Spanish penin- 
sula, though their courses are rather to the south-west. 

The Neva is only a small river, but it drains the Lakes 
Ladoga and Onega, and hence has a great volume of water. 
Lake Onega^ next to Ladoga, is the largest lake in Europe : 
its area is about 4000 square miles. It receives several 
streams, and at its south-western extremity discharges 
itself into Lake Ladoga by the Soir. Its shores, which 
are generally rocky, present several deep bays and gulfs ; 
and it contains numerous islands. Ladoga is the largest 
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sheet of fresh water in Europe, and covers an area of 6200 
square miles. Its shores are generally low, its depth very 
unequal, and it is full of rocks and quicksands ; it is also 
subject to frequent storms. It is annually navigated, how- 
ever, by an immense number of boats, which are chiefly 
laden with merchandise for St Petersburg. About sixty 
streams flow into it, the chief of which is the Soir, and it 
discharges its surplus waters by the Neva into the Gulf of 
Finland. 

The Vistula rises in the Carpathian Mountains, on the 
frontiers of Moravia and Galicia, and at a short distance 
from its source is precipitated over a fall 180 feet in height. 
It proceeds at first north, and then turns eastward, passing 
the town of Cracow, where its width is about 150 feet. 
It now flows to the north-east, forming for some distance 
the boundary line between Austria and Russia, and at 
length receives the San, which also has its source in the 
Carpathians. The course of the stream is now towards 
the north, and after passing Warsaw, where it is crossed 
by a bridge of boats 1600 feet in length, it receives the 
Bug, a stream nearly equal in size to itself. The Vistula 
now flows for some distance to the north-west, and then 
again turning northward empties itself into the Baltic, after 
a course of about 600 miles. Before reaching the sea it 
divides into two channels, the more easterly of which flows 
past Elbing into the Friesche Haff. The western arm sub- 
divides again ; the main channel, however, passes Dantzic. 
As the Vistula flows for the most part through a level coun- 
try, it is navigable throughout the greater part of its course, 
and large quantities of wheat, timber, and other produce 
are conveyed to Dantzic from the interior of the country. 

The Oder rises in Moravia, about 15 miles east of 
Olmutz, at an -elevation of 1800 feet. It runs at first to 
the north-east until it leaves the Austrian dominions, and 
then its course is to the north-west. Being joined by the 
Neisse, its coui^se is then almost due north until it receives 
the Warta, which brings with it the waters of the Netze. 
The Oder then continues its course to the north, and 
empties itself by a wide estuary below Stettin, after a 
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course of about 500 miles. The Oder drains the provinces 
of Silesia, Posen, and Pomerania, and is of the greatest 
commercial importance. Silesia in some parts is moun- 
tainous, and is rich in iron, zinc, and copper ; it also rears 
a large number of sheep. Posen is naturally fertile, but 
agriculture is neglected. Pomerania is for the most part 
a sandy plain, interspersed with heaths and forests ; Stet- 
tin, however, has considerable trade in timber, com, wool, 
and linens from Silesia. 

The Elbe rises in several streams on the south side of 
Schnee Koppe, the culminating summit in the Riesen- 
gebirge. Its source is at an elevation of 4400 feet, but 
the river soon descends to the level country, and passes 
the battle-fields of Sadowa and Koniggratz, so fatal to the 
arms of Austria in 1866. Bending round to the north- 
west it is joined by the Moldau, and when it enters Saxony 
it is upwards of 350 feet in width. It now passes through 
a picturesque country called Saxon Switzerland, though 
scarcely any elevation exceeds 3000 feet in height, and 
then flows on past Dresden and Meissen. After leaving 
Saxony, the general course of the Elbe is still to the north- 
west, and it empties itself by an estuary which at Cuxhaven 
is twelve miles wide. The chief tributaries are the Mulde, 
Saale, and Havel. The Mulde rises in the Erzgebirge ; 
the Saale in the mountain knot called Fichtelgebirge. 
The Havel brings with it the waters of the Spree, on which 
stands Berlin. The total length of the river is 720 miles. 
The Elbe is of great commercial importance, and Hamburg, 
which stands on its estuary, is the chief commercial port 
in Germany. The basin of the river may be divided 
into three parts : Bohemia, an elevated plateau, with vast 
forests and productive mines; Saxony, a hilly district, 
rich in minerals, with beautiful scenery and a fertile soil ; 
and the lower portion of the basin, which is composed 
almost entirely of sandy plains, covered with forests, 
morasses, and small lakes, only slightly fertile, but well 
cultivated. 

The Ehine. — The basin of the Rhine may be divided 
into three parts : the Upper Rhine, &oia\\A ws\a<i^\ft'^%.^^\ 
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the Middle Rhine, from Basle to Cologne ; and the Lower 
Rhine, from Cologne to the sea. The total length of the 
river is about 900 miles, and the area of its whole basin 
exceeds 80,000 square miles. 

The Upper Rhine, — ^The river originates in two principal 
streams, the Vorder and Hinter Rhines. The Vorder 
Rhine has its source in a small lake which lies in the 
neighbourhood of the group of St Gothard, at an elevation 
of 7690 feet. Its course is at first north-east through the 
magnificent ravifie of the Rheinwald, which is enclosed on 
both sides by almost perpendicular rocks rising 3000 feet 
above the river, and clothed to their very summits with 
stately firs. The Hinter Rhine has its source in the Rhein- 
wald Glacier, at an elevation of 7270 feet. Its course is 
at first eastward, and then turning to the north it joins the 
Vorder Rhine at Reichenau, a few miles above Chur. The 
river now flows northward through a fertile and romantic 
valley abounding with vineyards, and enters Lake Con- 
stance. Soon after issuing from the lake, the Rhine falls 
over a ledge of rocks 75 feet in height, forming the cele- 
brated Falls of Schaffhausen. These falls occur where the 
river breaks through a spur from the Black Forest moun- 
tains. The stream immediately above the fall is 360 feet 
in width, but it now becomes pent up by lofty cliffs, and 
the current, divided by projecting rocks, flows over in 
huge masses of snowy foam. From this point to Basle 
the course of the Rhine is very tortuous, winding in a 
narrow channel between lofty cliffs, and interrupted by 
frequent crags which rise above the stream. 

About midway between Schaffhausen and Basle, the 
Rhine is joined on the left bank by the Aar, which drains 
the greater part of Switzerland. The Aar has its source in 
two large glaciers which lie on the northern slopes of 
Finster-Aarhom, the highest of the Bernese Alps. The 
stream flows for some distance to the east imtil it reaches 
the Grimsel Pass, then turning to the north-west, it flows 
in a direct course to Lake Brienz. A few miles below 
the Grimsel Pass the Aar forms the Falls of the Handecky 
250 feet in height So great is the rapidity of the stream 
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that it falls unbroken half-way to the bottom ; it is then 
met by projecting rocks, and forms a vast torrent of spray 
and vapour, upon which rainbows may often be seen. The 
Lake of Brienz, into which the Aar flows, receives near its 
western extremity a stream called the Lutschine, into which 
falls the Stauhhach (dust brook). This stream descends in 
an unbroken fall of 980 feet. The quantity of water, how- 
ever, is generally very small, and is all converted into spray 
before it reaches the ground. 

The Aar, flowing from the Lake of Brienz^ enters the 
Lake of Thun, and then continuing in a north-westerly 
direction is joined below Berne by the Saane. Turning 
now to the north, the Aar is next joined by the Thiele, 
which drains the lakes of Neufchatel and Bienne. The 
remainder of its course is to the north-east, but before 
joining the Rhine it receives the Reuss from the Lake of 
Lucerne^ and the Limmat from the Lake of Zurich, The 
Reuss is formed by two streams, one of which rises in the 
Pass of St Gothard, and the other in the Furca Pass, and 
it flows in a rocky channel, through a valley annually 
traversed by thousands of tourists. 

Middle Rhine, — From Basle the Rhine flows northward 
as far as Mayence, through a valley formed by the Vosges 
Mountains on the left, and the Schwarz Wald, or Black 
Forest, on the right. The valley is about forty or fifty 
miles broad, and the stream of considerable width. Between 
Bingen and Bonn, however, the river valley is narrow, 
and in some parts there is hardly level space for a road 
between the river bank and the mountains. This is the 
part so celebrated for its scenery. The Rhine here pur- 
sues a meandering course, between lofty and craggy hills, 
and resembles rather a succession of lakes than a river. 
On the east bank rise bare clifls, or steep slopes covered 
with vineyards ; on the west side are thick woods. 
Below Coblentz the banks are not so high, and villas, 
villages, and picturesque churches appear on both sides. 
Throughout the whole of this part of the river's course 
the ruins of old castles are numerous, frequently rising 
from the brow of a steep hill, or ciOYmiii^ ^<^ «svxkk^ ^\ 
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a bold crag; and with every ruin is associated some 
romantic story or poetic legend. 

In this part of its course the Rhine is joined by the 
Neckar and Main on the right bank, and by the Moselle 
on the left. The Neckar rises in the Black Forest, near 
the source of the Danube, and, flowing through a rich and 
fertile valley, joins the Rhine at Mannheim. The Main 
has its source in two streams which rise in the Fichtel- 
gebirge, and flows, with many windings, to Mayence, 
where it joins the Rhine, after a course of 360 miles. The 
Moselle rises in the Vosges Mountains, at an elevation of 
2350 feet, and after passing Nancy, Metz, and Treves, 
near which it is joined by the Saar, so often mentioned in 
the Franco-Prussian war, it joins the main stream at Cob- 
lentz. The valley through which the Moselle flows is 
narrow, and the winery veV picturesque. 

The Lower Bhme. — Below Cologne, the Rhine is a 
broad and sluggish stream, destitute of beauty, but of 
great commercial importance. It enters Holland with a 
breadth of 2000 feet, and soon afterwards splits into two 
branches, the southern one taking the name of Waal ; 
while the Rhine itself a little lower throws off another 
branch, known as the Yssel, which flows into the Zuyder 
Zee. Still lower down the river again divides, the main 
arm taking the name of Lech ; the other, which flows past 
Utrecht and Leyden, being called the Old Rhine. Mid- 
way between Utrecht and Leyden, the Amstel leaves the 
main stream, and flows into the estuary called the Wye. 
The whole extent of the delta of the Rhine is nearly 5000 
square miles. 

The Lech and Yssel were formerly canals, constructed 
by the Romans. The former was enlarged by an inun- 
dation in the ninth century, and thus became the princi- 
pal channel. The whole country is liable to inundations 
of the river and the sea, and is protected by embank- 
ments. The river embankments begin at Wesel, in 
Prussia. The delta of the Rhine is joined by the Meuse, 
which has a length of about 500 miles, and flows through 
France, Belgium^ and Holland, The upper part of the 
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basin of the Meuse is fertile, and the scenery bold ; the 
lower part is flat, with much fertile land, interspersed with 
bogs and marshes. 

The principal rivers of Europe flowing to the south and 
south-east are the Volga, Don, Dnieper, Dniester, Danube, 
Po, Rhone, and Ebro. 

The Volg^ has its source in Lake Seliguer, which Ues 
on the eastern side of the Valdai Hills, at an elevation of 
nearly 900 feet. Its course is at flrst north-east and then 
east, to its junction with the Oka, where stands Nijni 
Novgorod, famous for its large annual fairs. The Volga 
then continues eastward imtil it is joined by the Kama. 
This important feeder has a course of about 1000 miles 
before it joins the main stream, and it brings an almost 
equal quantity of water. The Volga now turns to the 
south, and approaches within 32 miles of the Don ; then, 
bending sharply to the south-east, it enters the Caspian, 
below Astrakhan, by a delta having about seventy channels. 
The total length of the Volga is 2000 miles, and the area 
of its basin has been estimated at 636,000 square miles. 

The banks of the Volga are extremely fertile, and in 
many parts they are thickly clothed with oak. The water 
is exceedingly pure, and abounds in fish; and below 
Astrakhan fish is said to be more abundant than in any 
other river in the world. Immense numbers from the 
Caspian penetrate for a considerable distance up the chan- 
nels of the delta, and many thousand small vessels are 
engaged in the fisheries. The fish taken most commonly 
are sturgeon, carp, pike, and salmon. Caviar is made from 
the roe of one kind of sturgeon, and isinglass from the skin 
and entrails of another. Seals are also taken at the mouth 
of the Volga. The sterlet, a small kind of sturgeon, is 
peculiar to the rivers of Eussia and Siberia, and is much 
prized for its delicate flavour. 

The Dnieper.— The Volga, Dnieper, and Duna all rise 
within a short distance of each other, in a tract of swampy 
forest land, but they convey their waters to opposite parts 
of the empire, to the Caspian, Black Sea, and Baltic re- 
spectively. The Dnieper flows at first south, then west, 
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and then again turning southward is joined on the riorht 
bank by the Berezina. It next receives the Pripet, which 
drains an extensive marsh. At Kiev the river turns to 
the south-east, and flows in that direction to Ekaterinoslav, 
when it bends south, and afterwards turning to the south- 
west, empties itself below Kherson into the Black Sea. 
The total length of the Dnieper is about 1000 miles, and 
it flows through some of the finest provinces in Russia. 
The upper part of its course is through a marshy forest 
country, the lower part is rocky. The banks of the river 
are generally high, especially on the eastern side. In the 
lower part of the river are a number of islands, inhabited 
by serpents and wild cats. The Dnieper is navigable 
almost to its source. 

The Danube rises in the Schwarz Wald, and empties 
itself into the Black Sea, after a course of 1800 miles. 
The whole area of its basin is about 300,000 square miles; 
and, as with the Rhine, its basin may be conveniently 
divided into three parts : the upper basin, from its source 
to Passau ; the middle course, from Passau to Belgrade ; 
and the lower course, from 'Belgrade to the sea. The first 
consists of the elevated plateau of Bavaria, where the 
Danube and its tributaries flow through deep valleys, 
closely hemmed in by wooded slopes; the second and 
third consist of two large plains, separated by the narrow 
defile called the Iron Gate. 

Upper Danube. — ^The river is formed by two streams, 
the Brigach and the Brege, which rise in the eastern de- 
clivity of the Black Forest, about 24 miles from the banks 
of the Rhine, at an elevation of 2850 feet. A third stream, 
originating in a spring in the palace garden of Donaues- 
chingen, joins the infant river, which henceforth takes the 
name of Donau, or Danube. The river now flows to the 
north-east as far as Ratisbon, and receives the waters of 
the lUer, the Lech, and the Regen. Then turning south- 
east, it is joined by the Isar and Inn. The Inn has its 
source in a small lake, the Silser See, which lies among 
the Rhaetian Alps. It flows at first north-east, through 
the deep and narrow valley of the Engadin, and enters 
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Tyrol. Then passing through Tyrol it enters Bavaria, 
and is joined by the Salza. It now forms for some dis- 
tance the boundary line between Bavaria and Austria, and 
joins the Danube at Passau, after a course of 270 miles. 

Middle Danube, — The current of the Danube through 
Bavaria is very rapid, as it makes a descent of about 2000 
feet. It enters Austria at an elevation of 800 feet, and 
descends 300 feet more before reaching Vienna. Its 
channel is also hemmed in by mountains on both sides, 
so that navigation is rendered difficult. At ^resburg, the 
Danube is joined on the left bank by the March, and 
further eastward it receives the Raab on the right bank. 
Between Gran and Waitzen the river flows again between 
two mountain ridges, but on issuing from the defile, the 
direction is changed to the south, and the Danube flows 
with a slow current and numerous windings through the 
plain of Hungary. After receiving the Drave its course 
is deflected eastward by an offshoot from the Balkans, and 
it skirts the Hungarian plain on the south until it reaches 
the Iron Gate. In this part of its course the Danube is 
joined by the Theiss, the Save, and the Morava. 

The Drave rises on the eastern frontier of Tjrrol, and 
joins the Danube after a course of about 300 miles. It 
receives several feeders, the chief of which is the Mur. 
The Theiss, the most considerable of the tributaries of the 
Danube, rises on the confines of the Bukowine, not far 
from the sources of the Pruth. Its direction is at first 
north-east, after which it turns to the south, and having 
received the Szamos, Koros, and Maros, enters the Danube 
after a course of about 700 miles. The river abounds in 
fish, and the country through which it flows, though flat 
and marshy, is extremely fertile. The Save rises at the 
western extremity of the Carinthian Alps, and has a 
general direction to the east. It receives several feeders 
on its right bank, the chief of which is the Drina, and it 
joins the Danube at Belgrade, after a course of 420 miles. 
The Morava, an important stream, which joins the Danube 
below Belgrade, rises in the centre of Turkey and drains 
the greater part of the province of Servia. 
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Near Moldova the Danube enters a mountain defile, 
wbich contmues to Gladova in Servia. Throughout this 
distance, about 80 miles, the river is greatly contracted in 
width, abounds with rapids, and is beset with rocks. Near 
the termination of the defile, below Orsova, is the pass 
called the Ircm Oate. This is a gorge about 2000 yards 
in length, formed by the Danube in forcing a passage. It 
is enclosed on either side by mountains of slate, through 
which the river rushes with great velocity and a deafening 
noise. The Emperor Trajan constructed, with great labour, 
a road along the southern edge of the river, to facilitate 
the towing of ships against the current. Some remains of 
this work still exist, and also an inscription on the rocky 
wall in honour of the emperor. About three miles below 
Gladova are the remains of a bridge also erected by Trajan. 
It consisted of about twenty stone piers with wooden 
arches, and, judging from the buttresses that still remain, 
its width must have exceeded 3000 feet. 

The Middle Danube abounds with islands. The Great 
Schiitt island extends between two arms of the river, from 
Presburg to Komom, a distance of sixty- four miles ; and 
there are some islands below Buda of considerable size. 

Lower Danube, — From the Iron Gate the course of the 
Danube is southward until beyond Widdin, when it turns 
to the east. At first the right bank is' mountainous, but 
the elevated land soon recedes, and the river flows through 
a low plain, which, east of SiHstria, becomes marshy. In 
this part of its course the Danube receives several feeders, 
the chief of which are the Isker on the right bank, and the 
Aluta on the left. Near Rassova, when about thirty miles 
from the Black Sea, the Danube turns suddenly to the 
north, and flows in this direction to its junction with the 
Sereth, when it again turns eastward. Shortly afterwards 
it is joined by the Pruth, and then divides into several 
branches, forming a large delta, and empties itself into the 
Black Sea by several mouths. The delta is a swampy 
flat, covered with reeds and bulrushes, the resort of large 
quantities of waterfowl. 

Round the embouchure of the river vast quantities of 
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mud, brought down by the Danube, have accumulated and 
formed banks, and it is with difficulty that the Sulina 
mouth, which is the principal channel, is kept open for 
shipping. 

The Po. — This river rises from two springs on the 
eastern side of Monte Viso, in the Cottian Alps, at an 
elevation of 6000 feet. Flowing east and then north-east 
past Turin, it is joined on the left bank by the Dora Baltea, 
which drains the valley of Aosta. It was into this valley 
that Bonaparte descended from the Pass of Great St Ber- 
nard, when he made his famous passage across the Alps. 
About thirty miles further eastward the Po is joined by the 
Sesia, a considerable stream, which rises in the glaciers of 
Monte Rosa and flows into the main stream, after a course of 
about ninety miles. The river is next joined by the Tanaro, 
on the right bank, which rises in the Maritime Alps, and 
brings with it the water of the Bormida and other streams. 
The total length of this tributary is about 150 miles. 

After receiving the Tanaro, the Po continues its course 
in an easterly direction, and is fed by several streams on 
both banks. The southern streams, which flow from the 
Apennines, are of the nature of mountain torrents, and 
are very shallow in time of drought, but the northern 
feeders, being fed by the glaciers of the Alps, are deep 
perennial rivers. The Ticino rises in the group of St 
Gothard, which gives birth to the Aar and Rhine, and 
after passing through Lake Maggiore, flows for sixty miles 
through a great plain and joins the Po below Pavia. 

Lago di Maggiore is about forty miles in length, and has 
an average breadth of two or three miles. In some places 
it is at least 300 fathoms deep ; its waters, which are clear 
and of a greenish tinge, are well stocked with fish. The 
scenery is very varied. The upper part, which penetrates 
into the heart of the Alps, is surrounded by bold and lofty 
mountains. Towards the east and south the mountains 
decline in elevation, but the scenery is still beautiftil. The 
shores are fringed with woods, occasionally broken by 
picturesque crags, and numerous villages stretch along 
the water's edge. The Borromean Islands, situated in » 
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bay on the western side, opposite the mouths of the Toce, 
are of small size, and in their natural state were little 
better than bare rocks, but they have been covered with 
earth brought from the neighbouring mainland, and formed 
into splendid terraces, lined with trees and statues, and 
ornamented with superb palaces. To the east lies the 
Lake of Lugano^ connected to Maggiore by the Tresa. It 
is surrounded by high mountains, overhanging woods, and 
abrupt precipices. 

LcLQo di Como is very irregular in shape, consisting 
mainly of three great arms. Its greatest length is about 
forty miles, its breadth about four miles, and its depth 
varies from 40 feet to 600 feet. Throughout its whole 
extent it is hemmed in by precipitous mountains, from 
2000 to 3000 feet in height ; in some places overhanging 
the water, in others partially clothed with wood, and 
studded with hamlets, villages, villas, chapels, and con- 
vents. The upper part of the lake stretches up towards the 
gloomy pass of the Splugen ; at the southern extremity it 
is drained by the Adda, which joins the Po a few miles 
above Cremona. East of the Adda runs the Oglio, which 
forms the small Lake Iseo. Still further east is the Mincio, 
which issues from Lake Garda and forms the boundary 
between Lombardy and Venetia. Lake Garda extends 
from north to south for about thirty-five miles, and in its 
southern part is about twelve miles across. It is every- 
where enclosed by spurs from the Alps, except on the 
south, where it expands into a luxuriant plain. Its 
waters are remarkably pure, and it is well stocked with 
fish. Like all Alpine lakes, it is subject to sudden gusts 
of wind and violent storms. 

Below the junction of the Mincio the principal feeder is 
the Panaro, which rises in the Apennines, near the fron- 
tier of Tuscany, and enters the Po after a tortuous course 
of nearly 100 miles. In former times the Po passed south 
of Ferrara, but after a flood in 1152 the main stream 
changed its bed, and now passes about three miles north of 
the town. The river empties itself into the Adriatic by a 
delta, which receives also a portion of the waters of the 
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Adige. The total length of the river, including its wind- 
ings, is ahout 450 miles, and its basin is about four-fifths 
of the area of England. 

The Po, though comparatively a small river, is a good 
illustration of the effects produced upon the surface of a 
country by the action of running water. In the neighbour- 
hood of Placentia, Parma, and Cremona, extensive lakes 
and marshes have been filled up since the time of the 
Eoman republic, and the river has frequently changed its 
course during the same period. To prevent inundations, 
caused by the melting of the snows on the Alps, the river 
and many of its tributaries are now confined between arti- 
ficial banks; and such is the quantity of solid matter 
brought down by the stream, that the channel in some 
parts has been considerably raised; and it is said that at 
Ferrara the surface of the Po is actually higher than the 
roofs of the houses. A great deal of the fine sand and 
mud, however, is carried down to the sea, and enlarges the 
delta. Some idea of the quantity of solid matter thus car- 
ried down may be formed from the fact that Adria, which 
in the time of the Emperor Augustus was a seaport town, 
and indeed gave its name to the sea, is now about twenty 
miles inland. 

The Khone has its source in a glacier, on the western 
side of the mass of St Gothard, at an elevation of 5700 
feet. Its course is at first south-west, through the district 
called Valais, but at Martigny it turns to the north-west 
and enters the Lake of Geneva by a delta. The Lake of 
Geneva^ or Lake Leman as it is sometimes called, is cres- 
cent-shaped, and is about forty-five miles long and from 
two to eight miles wide. Its banks are celebrated for their 
picturesque beauty. Near the eastern extremity, and all 
along the southern shore, the scenery exhibits great bold- 
ness and grandeur; on the north side it is of a softer 
character, and the shore is adorned with a succession of 
hills covered with vineyards and cultivated fields, inter- 
spersed with numerous towns and villages. The Rhone, 
when it enters the lake, is turbid and discoloured, but 
where it issues, at the town of Geneva, its waters are 
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beautifully clear and transparent. The sediment which 
has been scooped out of the upper part of its basin is 
deposited in the lake, which, as a consequence, is gradually 
filling up. An ancient town, Port Valais, once situated 
at the water's edge, at the upper end, is now more than 
a mile and a half inland. The lake receives upwards of 
forty other rivers, all of which contribute a certain amount 
of solid matter. The principal of these is the Dranse, 
which enters by a delta on the south side. " If we ascend 
the valley through which the Dranse flows, we find that 
it consists of a succession of basins, one above the other, 
in each of which there is a wide expanse of flat alluvial 
lands, separated from the next basin by a rocky gorge, 
once, perhaps, the barrier of a lake. The river seems 
to have filled these lakes, one after the other, and to 
have partially cut through the barriers, some of which 
it is still gradually eroding to a greater depth. (Lyell, 
Principles of Ckology,) 

The Rhone, on leaving the lake at the town of Geneva, 
is soon afterwards joined by the Arve. This stream rises 
at the north-eastern extremity of the valley of Chamouni, 
and is fed by the glaciers which cover the northern slope 
of the chain of Mont Blanc. The Rhone now enters a 
rocky defile between the Alps and Jura chain, and at one 
part, called the Perte du Ehone, the river disappears for 
some distance, when the water is low, under a ledge of 
rocks. At one time the cleft in the rocks was so narrow 
that a man could leap across, but recently it has been con- 
siderably widened. The course of the Rhone is now almost 
due south for a considerable distance, then turning west- 
ward, it is joined at Lyons by the Saone. 

The /Saone rises in the Vosges Mountains, at an eleva- 
tion of 1300 feet, not far from the sources of the Moselle 
and Meuse. It preserves a general direction to the south- 
west, until its junction with the Doubs. This tributary 
rises in the Jura Mountains, and after running through a 
longitudinal valley to the north-east for about sixty miles, 
it is suddenly deflected southward by Mount Terrible, and 
turns to the south-west. After receiving this feeder, the 
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Saone flows southward with a gentle current to Lyons, and 
brings with it large quantities of sand, mud, and the debris 
of the Jura limestone. The difference between the rapid 
blue waters of the Rhone and the sluggish, muddy stream 
of the Saone is so marked that for many miles below Lyons 
the two currents flow side by side without mingling. 

From Lyons the united stream flows southwards to its 
embouchure in the Mediterranean. It receives numerous 
tributaries from the east and west, but chiefly from the east. 
The Isere, a considerable stream, rises in the Graian Alps 
and joins the Rhone above Valence. The Durance, a swift 
and turbid torrent, rises in the Cottian Alps and joins the 
main stream below Avignon. The delta of the Rhone 
commences at Aries, and the river enters the Mediterranean 
by four mouths. Though it leaves Lake Geneva as a clear 
transparent stream, it is soon discoloured by the sediment 
brought down by the Arve and Saone, and by the streams 
which join it below Lyons ; and when at length it enters 
the Mediterranean, it discolours the blue waters of that sea 
with a whitish sediment for a distance of six or seven miles. 
There is evidence to show that the delta has considerably 
increased since the time of the Romans. Notre Dame 
des Ports, which was a harbour in the ninth century, is 
now two leagues from the sea. It should always be 
remembered, in this and similar cases, that the solid matter 
carried down by any river, is a measure of the denuda- 
tion which must have taken place in the upper part of its 
basin. 

Lakes of Scandinavia.— Most of the lakes of Europe are 
connected with important river-systems, and many of them 
have already been noticed. In Scandinavia, however, there 
are two or three lakes which, though not connected with 
any important streams, deserve mention. These are Lakes 
Wener, Wetter, and Maelar, in Sweden ; and Lake Miosen 
in Norway. Lake Wener is one of the largest lakes in 
Europe, being 90 miles in length by 56 in its greatest 
breadth. It receives several streams, the chief of which 
is the Klar, and is drained by the Gotha, which, a short 
distance below the lake, forms the celebrated Falls of 
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Trolhaeita, where the river descends by rapids 108 feet 
in five miles. These rapids are avoided by a canal which 
connects Gottenburg and Stockholm, and communicates 
with the three great lakes of Sweden. Lake Wetter, about 
80 miles long and 10 miles wide, is surrounded by rocks 
and hills, except on the north-east. The Maeler Lake is 
studded with islands, on some of which Stockholm is built. 
From the main channel several arms branch off to the south 
and north and penetrate to a great distance inland. Lake 
Miosen is about 60 miles long, and from one to more than 
five miles wide. It is drained by the Logen, which is a 
feeder of the river Glommen. 
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CHAPTER XVI. 
Rivers and Lakes of Asia. 

Tlie drainage of the Asiatic continent is marked by great 
simplicity. The principal rivers drain the countries which 
slope from the central table-land. The northern slope is 
drained by the Obi, Yenesei, and Lena ; on the east are the 
Amoor, Hoangho, and Yang-tse-kiang; on the south the 
Indus, Brahmapootra, Ganges, and rivers of Further India; 
and on the west the Oxus and Sir Daria. The only river- 
system of importance in Western Asia is that of the Tigris 
and Euphrates ; and the central plateau itself is drained by 
the Tarim. 

The Obi is formed by two streams, the Katun and Bija. 
The former rises on the northern slope of the Little Altai, 
about the parallel of 49° N., and joins the Bija at Bijsk. 
The source of this stream is not well known, but it drains 
a beautiful alpine lake, called Teletskoi, which is some- 
times considered the source of the Obi. From Bijsk the 
Obi flows with many windings past Barnaul and Kolyvan, 
and is joined on the right bank by the Tom. It then flows 
to the north-west, untU its junction with the Irtish. 

The Irtish is really the main branch of the river. It 
rises in Mongolia, and after flowing about 70 miles almost 
due west it enters Lake Zaissan, which lies at an elevation 
of about 1720 feet above the level of the sea. After leav- 
ing the lake it turns north, and then west, flowing for some 
distance through a narrow valley between rocky hills. Its 
course is next north-west, past Semipolatinsk and Omsk, 
and at Tobolsk it is joined by the Tobol. Before reaching 
Tobolsk, however, the Irtish receives the Ishim, which 
runs for about 700 miles through a barren steppe, and does 
not contain much water. The Tobol, about the same length 
as the Ishim, is a more important stream, as it receives 

o 



206 PHYSICAL GEOGRAPHY. 

several feeders from the Ural Mountains. At Tobolsk the 
Irtish turns north-east, and continues in that direction until 
it joins the Obi. 

Below the confluence of the Irtish the channel of the 
Obi contains several large islands, and it empties itself into 
the Arctic Ocean by a large estuary. It is very probable 
that this estuary at one time extended much further inland, 
and that the islands met with in the lower part of the river 
have been formed by alluvial deposits. The total length 
of the Obi is about 3000 miles, and the area of its basin 
about 1,360,000 square miles. 

The Tenesei is formed by the junction of the Great and 
Little Kem. The former rises to the north-west of Lake 
Kosgol; the latter comes from the Little Altai. These 
streams, flowing in opposite directions, meet, and then 
burst through the Sayansk chain, forming a series of rapids 
and cataracts. The river enters the Siberian plain below 
the town of Krasnojarsk, but its banks continue to be high 
and precipitous as far as Yeneseisk. Before reaching this 
town it is joined by the Upper Tunguska, an important 
stream which comes from Lake Baikal. 

Lake Baikal is the largest and most remarkable of all 
mountain lakes. Its length is about 400 miles, its average 
breadth from 30 to 40 miles, and its area is about half the 
size of Scotland. It lies at an elevation of nearly 1800 
feet, and is surrounded by lofty mountains. Except near 
the shore it is very deep ; in some places the bottom has not 
been reached by a line of 100 fathoms. It receives a large 
number of streams, the two most important of which are 
the Selenga and Upper Angara ; but it has only one outlet, 
by which it discharges a very small portion of the water 
which it receives. The mountains on the north-western 
shore come close to the water's edge, and leave only a nar- 
row opening, through which the Lower Angara pours its 
waters ; but on the south-eastern side the mountains are 
more broken, though still lofty. The Upper Angara enters 
the north-eastern extremity of the lake, after a course of 
about 450 miles. The Selenga enters the south-eastern 
portion of the lake after a course of about 700 miles. The 



RIVERS AND LAKES OF ASIA. 207 

area drained by the stream is larger than Great Britain, 
and includes Lake Kosgol and the site of Karakorum, the 
residence of Genghis Khan. Before entering the lake the 
river also passes Maimatchin and Kiakhta, the trading 
posts between China and Siberia. A steamer now plies 
on the Selenga, as far as Kiakhta. 

Lake Baikal is well stocked with fish. Great numbers 
of seals of a silvery colour are captured, and their skins are 
much sought after by the Chinese, who dye them and use 
them to ornament their state dresses. Sturgeon and salmon 
are also found in great numbers, and a curious kind of fish, 
so very fat that it melts before the fire like butte'r. It yields 
an oil which finds a ready sale among the Chinese. The 
existence of the salmon and seal, as well as of a kind of 
sponge, in the fresh waters of Lake Baikal, is a puzzle to 
naturalists, and has given rise to much speculation. 

On leaving Lake Baikal the Angara passes the town of 
Irkutsk, and then flowing northward, is joined on the left 
bank by the Oka, after which the stream takes the name of 
Tunguska. It then flows north and west and joins the 
Yenesei. The main stream now flows to the north-west, 
and is joined by the Middle and Lower Tunguska, and 
about the parallel of 70° expands into an estuary. This 
estuary, which is full of shoals and islands, is about 200 
miles in length, and has an average breadth of 20 miles. The 
total length of the Yenesei may be estimated at 2800 miles, 
and the area of its basin is about 1,000,000 square miles. 

The Lena rises in the northern slope of the mountains 
that skirt Lake Baikal, and not more than 20 miles from 
its shore. Its general course is to the north-east as far as 
Yakutsk, and its banks are clothed with noble forests of 
spruce and pine. Below Yakutsk it is joined by the Aldan, 
which rises in the Stannovoi Mountains. The Lena now 
turns to the north-west, and north of the 70th parallel 
it enlarges to three or four miles in width. It empties 
itself into the Arctic Ocean by a large delta. The length 
of the Lena is about 2400 miles, and its basin is estimated 
to contain 800,000 square miles. 

The rivers of Siberia, flowing for the most part through 
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a level country, are navigable throughout the greater part 
of their courses ; and although they never can be of much 
importance commercially, owing to their outlets being in 
the frozen ocean, still they are of great use as affording 
a means of communication between one part of Siberia 
and another. For several months of the year they are 
frozen, but this does not materially diminish their useful- 
ness, as ice facilitates communication in these regions 
almost as much as water. All these rivers are liable to 
floods, for when the ice breaks up in spring the upper 
portions of their basins are filled with running water, when 
the rivers Are still frozen over for several hundred miles 
near their mouths. The descending waters, therefore, find- 
ing no outlet, overflow their banks and inundate the country 
far and wide. 

The whole region of Siberia is remarkable for the remains 
of the extinct mammoth and rhinoceros. Fossil ivory has 
been collected almost everywhere on the banks of the Irtish, 
Obi, Yenesei, and Lena ; and it is said that the bones of 
the mammoth still left in Siberia must greatly exceed in 
number those of all the elephants now in existence. Oc- 
casionally the carcases of these huge animals, with the 
flesh and skin preserved in the ice, have been met with. 
In 1772 the carcase of a rhinoceros was found on the banks 
of the Vilui, an affluent of the Lena, part of the skin 
being still covered with hair. Thirty years later the entire 
body of a mammoth was found. It fell from a mass of ice, 
in which it had been encased, on the banks of the Lena, 
in lat. 70** N. ; and so well had it been preserved that 
its flesh, as it lay, was devoured by wolves and bears. 
Its skin was covered with a thick coating of hair and 
fur, so as to enable it to brave the excessive cold of a 
Siberian winter. Within the last few years a great many 
skeletons of mammoths, as the extinct elephant is called, 
have been found near the mouth of the Yenesei. 

The Amoor is formed by the junction of two branches — 
the Shilka and Argun. The Shilka is made up of two 
streams, the Onon and Ingoda, which rise in the Yablonoi 
Mountains and unite a short distance above Nertchinsk. 
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The Argun rises under the name of Kerulen, but after 
passing through Lake Dalai it is called Argun. After 
uniting with the Shilka the river forces its way through 
the mountains, its banks exhibiting in some places cliffs 
of white chalk, and in others charmingly wooded hills. 
Wild ducks and geese are very numerous, and bears and 
other large game are plentiful. At the junction of the 
Dzeya stands Blagoveshchensk, the residence of the gover- 
nor of the district. On the opposite bank is the Chinese 
town of Saghalien, with which considerable trade is carried 
on. The valley of the Dzeya produces abundant com, 
which is exported to the other settlements on the Amoor. 
The main stream continues its course to the south-east, 
until we reach Songari, an important stream, which drains 
the greater part of Manchuria. It then turns to the north- 
east. Khebarofka, an important military station, is at the 
confluence of the Ussuri. Along the right bank of this 
stream a line of Cossack posts protects the Russian boun- 
dary. Sofiensk, further north, is an important trading 
station, and is only thirty miles from De Castries Bay, on 
the Gulf of Tartary. Nicolaievsk, about twenty miles from 
the mouth of the Amoor, is the headquarters of the Russian 
navy in the Pacific. The river is here about a mile wide, 
but is frozen from November to May. 

The total length of the Amoor is about 2600 miles, and 
it is navigable by steamers of light draught for a distance 
of 2000 miles ; while barges can ascend the river as far as 
Chetah. The colonization of the Amoor commenced in 
1858, arid villages have been established at varying 
distances, from 20 to 100 miles apart, along the whole 
length of the stream, from Ust-Strelka, at the junction of 
the Argun and Shilka, to Nicolaievsk. Russia has taken 
possession not only of the country lying to the north of 
the Amoor, but also of the coast as far south as the 42d 
parallel. Vladiovostock, on Peter the Great Bay, will 
no doubt in a short time become an important naval 
station, as the navigation is closed by ice for only two 
months in the year. The large island of Saghalien, now 
entirely in the -hands of Russia, possesses* some good 
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harbours, on the west coast, and produces abundance of 
coal, which is worked by convicts. 

The Hoang-ho (Yellow River) rises in some swampy 
ground near the eastern extremity of the Kuen-lun Moun- 
tains. The streams draining this swamp are collected in two 
small lakes, which may therefore be looked upon as the 
source of the river. The Hoang-ho flows at first south, 
then east, and then north-west, being deflected in its 
course by spurs from the Kuen-lun and the Pe-ling 
Mountains. Once more bending eastward it leaves the 
mountain region at Lan-chow and enters China proper. 
It now skirts the Great Wall, and in its course northward 
crosses the wall three times. Meeting with the In-shan 
Mountains, it is again deflected eastwards, and then, once 
more crossing the Great Wall, flows directly south, until 
stopped by the Pe-ling range. From Lan-chow to the 
place where the river crosses the Great Wall for the last 
time, it receives scarcely a single tributary, as its course 
is through a sterile country mostly covered with sand 
hills, though in the numerous depressions between them 
there are meadows and pastures interspersed with thick 
bushes, the haunts of numerous wild animals. 

At the point where the Hoang-ho makes its sharp bend 
to the east it is joined by the Hoey-ho, its most important 
feeder. This stream rises in a spur from the Pe-ling 
Mountains, and flows eastward for a distance of about 400 
miles. For about one-half of its course it flows through 
a narrow valley between steep and lofty mountains. The 
valley then widens considerably, and is of great fertility. 
In its midst stands Si-ngan, which has more than once been 
the capital of the empire. Below Si-ngan the mountain- 
ranges again converge, and at the confluence of the Hoey- 
ho and Hoang-ho there is the mountain-pass of Thung- 
kuan, famous in Chinese history. 

From the confluence of the Hoey-ho, the Hoang-ho 
traverses the great plain of China, but its course for some 
distance is through a hilly district. Alongside of the 
river, however, there is a low level tract which gradually 
widens. The lower portion of the river is protected by 
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dykes and embankments; the consequence of which is 
that the channel of the river has been gradually raised, so 
that even when it is low, its surface is considerably above 
the adjacent plain. This plain, which has been formed 
by alluvial deposits, is of extraordinary fertility, and 
covered with innumerable towns and villages. When 
therefore the river, being unusually swollen, breaks 
through its banks, the loss of life and property is immense. 
To protect themselves as far as possible, the towns in the 
province of Ho-nan are surrounded at the distance of a 
quarter of a mile by strong ramparts of earth. During the 
summer flood in 1851, the north bank of the river gave 
way at Lan-yang-hein, near Kai-fung. In the following 
year the breach was widened, and in 1853 it was so much 
enlarged as to allow the whole body of water to flow over 
the plain to the north-east. A traveller, on visiting the 
old channel in 1854, was surprised to find it a dry, sandy 
bed, traversed as a high road by innumerable passengers. 
The Hoang-ho has in fact usurped the bed of the Ta-tsing, 
and now flows into the Gulf of Pechili, at a distance of 
nearly 300 miles from its former outlet. 

It appears from Chinese records that the river has 
changed the lower part of its course nine times during the 
last 2500 years, the position of its outlet having ranged 
from its old mouth to the latitude of Pekin. It was 
remarked by one of the emperors of China to Lord Mac- 
artney, that the Hoang-ho gave him more trouble than all 
the other cares of government ; and the natives who dwell 
within reach of its devastations call it, " The sorrow of the 
Children of Han." The total length of the river is about 
2500 miles, and the area of its basin is about 800,000 
square miles. In the upper part of its course the stream 
is said to be clear ; but on its entrance into China proper 
the clayey soil through which it flows gives its waters the 
yellow tinge from which the river derives its name. 

The Tang-tse-kiang rises among spurs of the Euen-lun 
Mountains, on the north-eastern edge of the plateau of 
Thibet. The river is first known as the Murui-ussu, and its 
course is eastwards. It then flows south-east and south, 
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past Bathangy and is known as the Kin-sha-kiang, or 
river of the golden sand, because small particles of gold 
are found in it. Near the junction with the Ya-lung, the 
river reaches its most southern point. Ya-lung runs for 
the most part parallel to the main stream, through a long 
narrow valley between snow-covered mountains. In the 
upper part of its course the Yang-tse-kiang has to force its 
way through several ranges of mountains, and it forms 
numerous falls and rapids. At Tong-chuen it enters a 
hilly country, and its course is north and then east. In 
this part of its course the main stream is joined by the 
Min and Kia-ling. Chung-king-foo, at the junction of 
the Kia-ling, is a place of considerable trade, and with 
the application of a little engineering skill it is thought 
the Yang-tse-kiang might be made navigable to this 
point. The hills through which the river flows in 
this part of its course are covered with forests of pine, fir, 
cedar, and juniper ; and the valleys contain well- cultivated 
fields, interspersed with plantations of orange, lemon, citron, 
and other fruit-trees. Rice, cotton, sugar, and silk are the 
chief agricultural products. 

At King-chow the river enters the plain, and passes 
through an extensive depression, filled with a deep alluvial 
soil, and adorned with large lakes. This tract is of ex- 
ceeding fertility, no spot is left uncultivated, and the 
country is almost covered with towns and villages. The 
Tung-ting Lake, which communicates with the river at Yo- 
chow, is about 200 miles in length, and is fed by two 
important streams which rise in the Nan-ling Mountains 
and drain a tract of country as large as Great Britain. 
Flowing now to the north-east, the main stream is joined, 
on the left bank, by the Han-kiang, which rises in the Pe- 
ling Mountains, and flows for about 500 miles through a 
wide and fertile valley. At the junction of the Han-kiang 
stand three important cities, Hankow, Hanyang, and 
Wuchang, which may be considered as the centre of the 
internal trade of China. 

Following the river to the south-east, we reach Lake 
Poyang^ which extends nearly ninety miles from north to 



RIVERS AND LAKES OF ASIA. 213 

south, with an average breadth of twenty miles. It con- 
tains many islands, most of which are cultivated and 
populous; and, both on the east and west, it is enclosed 
by picturesque and finely- wooded hills. These hills 
converge at the northern extremity of the lake, but its 
southern extremity is surrounded by a large plain, tra- 
versed by numerous arms of the Kan-kiang. This river, 
which is about 400 miles in length, rises in a ridge of 
mountains, near the Meiling Pass, through which runs 
the great road from Canton to Pekin. To the east of 
Poyang Lake, the finest porcelain clay is found ; and at 
Kin-te-ching there are said to be 500 manufactories of 
china-ware, and about one million inhabitants. 

From Lake Poyang to Nankin, the course of the river 
is to the north-east. It is now from two to four miles 
wide, and encloses several islands. The country on both 
sides consists of low hills, which terminate on the river 
in steep declivities. In a depression of this hilly country 
is the town of Ngan-king, a great centre of manufacturing 
and commercial industry. At Nankin the river turns to 
the east, and after passing Yang-chow, one of the largest 
towns in China, standing near the Grand Canal, the river 
expands into a wide estuary. The total length of the 
Yang-tse-kiang is about 3000 miles, and the area of its 
basin cannot be far short of 1,000,000 square miles. The 
term Yang-tse-kiang properly belongs to the course of the 
river below Lake Poyang ; above that point, as far as 
Min-kiang, it is known to the Chinese as Ta-kiang, the 
Great River. 

The chief rivers of Further India are the Mekong, the 
Menam, the Salween, and the Irawaddy. The Mekong is 
the longest ; it is supposed to be identical with the Lantsan- 
kiang, which rises in the eastern borders of Thibet, and 
traverses the elevated plain of Yunnan. The river has 
been ascended by a French expedition as far as Kiang- 
hung, on the borders of Yunnan, and the navigation seems 
to be frequently interrupted by rapids and cataracts. At 
its mouth, the Mekong forms an extensive delta, which 
projects far into the pcean. Th^ Irawaddy probably rises 
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in the Fatkoi Mountains, which bound the basin of the 
Brahmapootra on the east. Its course is southward past 
Bhamo, the great mart for the Chinese trade with Burmah. 
Below Bhamo the river suddenly turns to the west, but 
soon resumes its southern course, and continues to flow in 
that direction as far as Mandelay. Here it is joined 
on the left by an important stream which rises in the 
province of Yunnan, and empties itself by two channels 
into the Irawaddy. On the island formed by these two 
branches stands the city of Ava. Sagaing, once the seat of 
government, is on the opposite side of the river, directly 
fronting Ava. 

The river valley, which has been hitherto hemmed in 
by mountains, now spreads out into a rich plain ; and the 
river itself is a magnificent stream, being, in some places, 
more than four miles broad. On the right, it receives the 
Kyan-Duayn, the largest of all its tributaries. The delta 
of the Irawaddy covers an area of 10,000 square miles, 
and is considerably larger than that of the Nile. The 
Irawaddy is navigable for steamers as far as Bhamo, 
about 600 miles from the sea. From Bhamo there is 
an overland route to China, but it is at present restricted 
to natives. The total length of the Irawaddy is 1060 
miles, and the area of its basin is 150,800 square miles. 

The three great rivers which have their sources in the 
Himalayas, are the Brahmapootra, the Ganges, and the 
Indus. 

The Brahmapootra, under the name of Sanpoo, rises in 
Thibet, near the source of the Indus, in long. 82° east. 
It rises at an elevation of 14,000 feet, and after flowing 
eastward for a distance of 600 miles, it is still 11,000 feet 
above the sea. It now turns to the south, and forces a 
passage through the Himalayas. Nothing is known of 
this part of its course; but there is little doubt that it 
is the same river which, under the name of Dihong, joins 
the Brahmapootra in the plains of Assam. The Brahma- 
pootra, properly so called, rises in a snow-capped range of 
mountains, between 28'' and 29° north lat., and between 
^V and 98° east long. After flowing for some distance 
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to the south-west, it passes througli a remarkable basin 
of rocky hills, where it is augmented by the waters of 
the Brahma- Kund^ a pool held sacred by the Brahmins. 
From this place the river has received its name, which 
•signifies " offspring of Brahma ; " and, after its confluence 
with the Dihong, the name is applied to the main stream. 

The united stream now flows in a south-west direction 
through the centre of Assam, with a very variable width, 
as its channel is frequently divided by large islands. In 
this part of its course it is said to receive as many as sixty 
tributary rivers, and the volume of water brought down to 
the Bay of Bengal is much greater than that supplied by 
the Ganges. Below Goalpara, the Brahmapootra turns to 
the south, and, with a channel five miles in width, joins 
the main outlet of the Ganges. As the affluents of the 
Brahmapootra bring down vast quantities of mud, its 
waters are usually thick and discoloured ; and its surface 
during the floods is covered with foam, intermixed with 
logs of wood, large masses of reeds, and the carcases of 
men and cattle. The total length of the Brahmapootra, 
from the source of the Sanpoo, is 1800 miles, and the area 
of its basin 361,200 miles. 

The Ganges is formed by two principal streams which 
rise in the Himalayas, between 79** and 80** E. The 
western stream, which is considered by the Hindoos as 
the true Ganges, issues from a low arch called the " Cow's 
mouth," at the base of a huge glacier, about 13,000 feet 
above the level of the sea. At Hurdwar, where it enters 
the great plain of Hindostan, the Ganges has an elevation 
of only 1000 feet above the sea-level. It flows thence 
with a smooth navigable stream, a distance of about 1400 
miles, to the ocean. From Hurdwar the direction of the 
river is to the south-east, and at Allahabad it is joined by 
the Jumna. This tributary rises in the Himalayas, to the 
west of the source of the Ganges, and is augmented by 
several streams, the principal of which is the Chumbul, 
which rises in the Vindhya Mountains. From Allahabad 
to the Rajmahal Hills, the Ganges flows in a winding 
course to the east. It is now of considerable width, and 
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receives several important tributaries, among which may 
be mentioned the Gogra, Gunduck, and Coosy, on the left 
bank ; and the Sone, on the right. About ten miles above 
Eajmahal, the river turns southward, and soon afterwards 
the delta commences. Of the two principal channels which 
enclose the delta, the eastern branch is the larger, and pre- 
serves the original direction of the main stream, together 
with the name of Ganges; but the western branch, or 
Hooghly, is invested by the natives with greater sanctity. 
The whole delta is a vast alluvial flat, intersected by 
numerous rivers, interlacing in all directions, which enter 
the sea by from twelve to twenty mouths. The region 
round the mouths of the Ganges, termed the Sunderbunds, 
is a pestiferous tract, covered with jungle, and swarming 
with tigers, and other beasts of prey. 

Like the Brahmapootra, the Ganges is subject to annual 
floods, caused chiefly by the tropical rains. The river 
begins to rise at the end of April, and reaches its maxi- 
mum height in the middle of August. Reference has been 
made in a former chapter to the quantity of solid matter * 
carried down to the sea. The total length of the river 
is 1514 miles, and the area of its basin is 391,100 square 
miles. 

The Indus has its source at an elevation of 16,000 feet, 
on the northern slope of the sacred Mount Kailas, and 
within a short distance of the sources of the Sutlej and 
Brahmapootra. Its course at first is to the north-west, 
and at the town of Leh its elevation is 10,723 feet. Be- 
low this town it is joined by the Shyok, which flows from 
the southern slope of the Karakoram range. At Acho, 
near which the river enters a great gorge in the Hima- 
layas, the Indus is 4500 feet above the sea, having de- 
scended above 11,000 feet in about 800 miles. Only the 
extremities of this gorge have been explored by Europeans, 
so that, like the Brahmapootra, its whole course has not yet 
been completely traced. Issuing from the mountains, the 
Indus is joined at Attock by the Cabool, and then flowing 
southward, it receives at Mittun the waters of the Pimjaub. 

The chi^f river in the Punjaub is the Sutlej, which has 
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its source, at an elevation of 15,200 feet, in the great 
lakes, Manasarowar and Rakas Tal, sacred to Hindoos 
and Thibetans. Its course is at first to the north-west 
through a deep channel cut in the alluvial soil. It then 
traverses the Himalayas by a tremendous gorge, and 
when it issues from the mountains has an elevation of 
1000 feet only. Soon after leaving the mountains, the 
Sutlej is joined by the Beas, and afterwards by the 
Chenaub, which brings with it the waters of the Jhelum 
and Ravee. These streams are the five rivers from which 
the Punjaub, "the plain of the five rivers," derives its 
name. 

From M ittun, the Indus takes a course to the south-west 
for some distance, and then turns southward. Its channel 
is frequently interrupted by sandbanks, and various narrow 
crooked branches diverge from the parent stream ; but it 
receives not a single feeder of importance. The delta, 
which commences at Tatta, is sixty miles in breadth, and 
extends along the coast for about 160 miles. The total 
length of the river is 1 800 miles, and the area of its basin 
is estimated at 372,700 square miles. 

The only river-system of importance in. Western Asia 
is that of the Euphrates and Tigris. The Euphrates is 
formed by the junction of two branches — the Frat and 
Murad Su. The former rises about twenty miles to the 
north-east of Erzeroum ; the latter, which is the . longer 
branch, rises on the northern declivity of Ala-Dagh, .be- 
tween Mount Ararat and Lake Van, and flows for some 
distance through a highly volcanic district. The two rivers 
unite near Kebban, and the united stream flows south-west 
in a very winding course, until it approaches within 100 
miles of the Mediterranean. It then turns to the south-east, 
and passing Hillah, the site of the ancient Babylon, is joined, 
on the left bank, by the Tigris. This stream was so 
named on account of its swiftness, the term Tigris signify- 
ing " an arrow" in the language of the Medes. It rises on 
the southern side of the Taurus chain, and its course is at 
first through a mountainous country, and is very rapid. 
From Bagdad, however, it flows with a moderate current 
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through a nearly level plain. At Mosul, near the site of 
Nineveh, the river is 100 yards broad ; below Bagdad it 
is double that width. The ancient province of Mesopo- 
tamia, which lay between the two rivers, varied in breadth 
from eighteen to ninety-five miles. At Bagdad, the dis- 
tance between the rivers is only twelve miles; and in 
former times the streams were connected at this point 
by two great canals. The confluence takes place at 
Kooma, and the united stream, under the name of Shat- 
el-Arab, flows for 150 miles before it enters the Persian 
Gulf. The total length of the Euphrates is about 1800 
miles, and the Tigris is estimated at 1146 miles. 

Both rivers have their annual floods, rising twice a year, 
first, in December, in consequence of the autumnal rains ; 
and next, from March to June, owing to the melting of the 
mountain snows. As the rivers flow through rocks of a 
chalky formation easily disintegrated, they bring down 
annually immense alluvial deposits. The result is, that 
their lower courses have differed materially at different 
periods. In the time of Alexander the Great, the Tigris 
did not unite with the Euphrates ; each river preserved a 
separate course to the sea. 
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CHAPTER XVII. 
Rivers and Lakes of North America. 

It will be seen from what was said in a former chapter 
on the surface of North America, that there are four main 
slopes on which its great rivers are developed. In the 
great central plain there is the northern slope, watered by 
the Mackenzie, the Saskatchewan, and the St Lawrence ; 
and the southern slope, drained by the Mississippi with its 
affluents, and the Rio Grande. Then we have the Paci£c 
slope, with the Yukon, Fraser, Columbia, and Colorado; 
and lastly, the Atlantic slope, where the rivers, though 
small when compared with those we have named, are never- 
theless of great commercial importance. 

The Mackenzie. — The most distant source of the Mac- 
kenzie is the river Athabasca, which rises at the foot of 
Mount Brown, and, after a course of 700 miles, empties itself 
into Athabasca Lake. Into this lake also flows the Peace 
River, which rises on the western side of the eastern range 
of the Rocky Mountains, and but a short distance from the 
banks of the river Fraser. Within the mountains it is 
already a large stream, navigable for boats. It afterwards 
makes its way through a narrow gorge, bounded by lofty 
mountains covered with perpetual snow, and then flows 
eastward for a distance of 300 miles into the lake. A 
stream called Slave River connects Athabasca with Slave 
Lake, and a river issuing from the western extremity of 
this lake is sometimes looked upon as the true source of 
the Mackenzie. The river has here a breadth of from one 
to three miles, except in a few places where it is narrowed 
by rocky hills, and it flows to the north-west, until it is 
joined by the Turnagain, or Liard's River. This important 
feeder rises between the Coast Range and the Peak Moun- 
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tains, and bursts through two ridges of the Rocky Moun- 
tains before it enters the plain on the east. It then flows 
northward for some distance, and joins the Mackenzie at 
Fort Simpson. From this point the Mackenzie flows 
almost due north, and is joined by a stream which drains 
Great Bear Lake. It empties itself by a delta which 
spreads about forty miles along the shores of the Arctic 
Ocean. The total length of the Mackenzie is about 2000 
miles. 

The basin of the Mackenzie, as far north as the Athabasca 
Lake and Peace River, is covered for the most part by 
grassy plains, which support numerous herds of buffalo and 
deer. North of the lake the country is more sterile. The 
bed of the river is for some distance fringed with trees, but 
they soon become straggling and stunted. The wealth of 
the country consists in the fur-bearing animals. Water- 
fowl also are numerous, and the river and lakes connected 
with it are well stocked with fish. 

The Saskatchewan is made up of two branches, which 
unite in long. 105° west. These branches both rise in a 
large glacier in the Rocky Mountains. The southern 
branch, or Bow River, as it is sometimes called, flows 
through the Vermilion Pass, and drains a country of only 
moderate fertility; the northern branch, however, flows 
through rich prairie land. After flowing with many wind- 
ings for about 700 miles, the two branches meet, and the 
main stream has then a further course of 340 miles before 
it enters Lake Winnipeg. Into this lake flows the Red 
River, which rises in Ottertail Lake, not far from the source 
of the Mississippi. It flows northward through a rich 
agricultural district, and there is a flourishing settlement 
on its banks. Before entering the lake it receives the 
Assiniboine, an important stream from the west. The sur- 
plus waters of Lake Winnipeg are carried off by Nelson 
River, which issues from the northern extremity, and 
empties itself into Hudson's Bay. 

The St Lawrence. — The true source of this important 
river is Lake Superior y probably the largest fresh- water 
lake upon the globe. It is crescent-shaped, and a curved 
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line drawn through the centre measures 400 miles. Its 
total area is 32,000 square miles, which is more than the 
whole area of Scotland. Its depth is very great, and when 
its surface is agitated by storms it resembles the ocean. Its 
elevation is 627 feet above the sea, and the St Louis, which 
is the most considerable stream that flows into it, and there- 
fore regarded as the source of the St Lawrence, rises 550 
feet above the lake. The surplus waters are carried off' by 
St Mary^s River, which contains rapids nearly two miles 
in length, sometimes, but rarely, descended by canoes. 
After a course of about forty miles the river enters Lake 
Huron, having made a descent of thirty-two feet. 

Lake Huron is second to Superior in extent, so far as 
the American lakes are concerned, its area being estimated 
at 29,000 square miles. The average depth is about 1000 
feet, but in some places almost double that depth has been 
sounded without finding bottom. The lake is divided into 
two unequal portions by the Manitoulin Islands, and a 
peninsula called Cabot's Head. To the east is Georgian 
Bay, which is entered by a channel about ten miles wide. 
At its north-western extremity Huron is connected with 
Lake Michigan by the Strait of Machillimakinac. Lake 
Michigan is about 300 miles long, with an average breadth 
of 75 miles, and its area is estimated at 26,000 square 
miles. It lies at a lower level than Lake Huron, and a 
current constantly sets in from the latter. On its southern 
shore stands the flourishing city of Chicago, which in 
October 1871 suffered so severely from fire. The stream 
which issues from the southern extremity of Lake Huron 
is called the St Clair. It flows southward for about thirty 
miles, and then expands into Lake St Clair, which is about 
thirty miles in diameter. Issuing from the south-west 
angle of this lake, the river is called Detroit. Its length 
is twenty-nine miles, and it flows into Lake Erie. The fall 
between Lake Huron and Lake Erie is thirty feet. 

Lake Erie is the shallowest of all the great lakes, its 
average depth being eighty-five feet only ; the consequence 
of this is that it is exposed to heavy ground-swells, which 
render navigation dangerous. The surplus waters of the 

p 
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lake are carried to Lake Ontario by the Niagara River. 
This stream is thirty-three miles long, and varies in breadth 
from half a mile to a mile, and in some places encloses 
large islands. 

The celebrated Falls of Niagara are about twenty miles 
from Lake Erie. For three miles from the lake the stream 
has a rapid current, but it then becomes smooth and placid, 
and continues so till within a mile of the falls, after which 
there is a rapid descent of about fifty feet in half a mile. 
The cataract consists of two falls, divided from each other 
by Goat Island. The fall on the American side is 164 
feet high, and 200 yards wide ; that on the Canadian side, 
called from its shape the Horse-shoe Fall, is 600 yards 
wide, and 158 feet high. It is estimated that at least 
100,000,000 tons of water are projected over the precipice 
every hour. The entire width of the river at the falls, 
including Goat Island, is about 1300 yards ; but below the 
falls it is contracted into a stream 160 yards broad, and the 
river rushes furiously through a deep ravine which, in the 
course of ages, it has cut for itself out of the solid rock. 
After flowing for about eight miles, the river emerges from 
the rocky chasm, and flows with a deep and gentle current 
to Lake Ontario. 

Lake Ontario is the smallest of the five great lakes drained 
by the St Lawrence; its area is estimated at 5400 miles. 
Its surface is 334 feet below that of of Lake Erie, and 234 
above the tide level in the Atlantic. It is of considerable 
depth in some parts, and navigable throughout for vessels 
of the largest size. It possesses several good harbours, is 
the centre of an extensive commerce, and there are a num- 
ber of large towns on its shores. 

The St Lawrence issues from Lake Ontario by two 
channels, which surround Wolf Island ; but in this part, 
and generally above Montreal, it is often called Iroquois 
or Cataraqui. The part of the river immediately below 
Wolf Island has the appearance of a lake, and is studded 
with a multitude of small islands, whence it is called the 
Lake of the Thousand Islands. The river afterwards ex- 
pands into Lake Francis and Lake Louis, and between the 
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two lakes are the rapids of the Coteau, the Cedars, and the 
Cascades. The Lake of St Louis is formed by the junction 
of the Ottawa with the main stream. It contains four 
islands, the largest and most beautiful of which is Mon- 
treal, on which stands the city of that name. 

The river Ottawa is a noble river nearly 800 miles in 
length. Its furthest sources are several streams which 
flow into Lake Temiscaming. The upper course of the 
Ottawa consists of a series of lakes, connected by short 
channels, which always exhibit rapids or falls. Among its 
many important tributaries may be mentioned the Mada- 
wasca, on the right bank, and the Gatineau, on the left. 
The latter is a fine stream, having an estimated length of 
420 miles, and drains a valley rich in noble forests and 
cultivable land. At the junction of the Gatineau, but on 
the opposite side of the river, stands Ottawa, the capital of 
the Dominion of Canada. Three miles above the city a 
series of rapids commences, terminating in the romantic 
Chaudi^re Falls. The Rideau Canal connects Ottawa with 
Kingston on Lake Ontario. 

Below Montreal the St Lawrence varies from three to 
four miles in width, and is navigable for vessels of 600 tons 
burthen. After receiving the Richelieu, which drains Lake 
Champlain, in the territory of the United States, the main 
stream expands into Lake St Peter, which is twenty-five 
miles long, and about nine miles wide. About ten miles 
from the lower end of this lake the St Lawrence is joined, 
at Three Rivers, by the St Maurice. This stream is about 
200 mile's in length, and flows between high and rocky 
banks, clothed with magnificent timber. From Three 
Rivers to Quebec the only tributary .of importance is the 
Chaudiere, which flows from the south, and is about 100 
miles in length. About fifty miles below Three Rivers 
the Richelieu rapid, the last in the St Lawrence, occurs. 
The bed of the river is here so much contracted and ob- 
structed by rocks as to render navigation very difficult ; 
but when the ocean swell is at its height the rapids disap- 
pear, as the tides rise here from fifteen to twenty feet. At 
Quebec the river is only 1314 yards wide, but it imme- 
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diately expands into a deep basin, four miles wide, which 
forms a splendid harbour for the city. Below the island of 
Orleans the river widens rapidly, and at the mouth of the 
Saguenay is eighteen miles broad. 

The source of the Saguenay is not well known, but about 
midway in its course it expands into Lake St John, a mag- 
nificent sheet of water, covering an area of about 540 
square miles. After leaving this lake its channel is often 
a mile wide, and in some places it attains the enormous 
depth of a mile and a half, while the cliffs rise up on either 
side to the height of 1000 and 2000 feet. The river is 
navigable for vessels of any size to Ha-ha Bay, a distance 
of seventy miles, and here there is said to be a good 
harbour. 

At the island of Anticosti the St Lawrence expands into 
a gulf, and thus finishes a course 2000 miles in length. 
The area of the whole basin is about 500,000 square miles, 
and it has been said that, including the great lakes, it con- 
tains half the fresh water upon the globe. The recent dis- 
covery of the large equatorial lakes of Africa must, how- 
ever, materially modify this statement. The St Lawrence 
contrasts with the Mississippi in the absence of floods. A 
rise of three feet is more remarkable in the former than a 
rise of thirty would be in the latter. This is doubtless 
owing to the fact that the great lakes act as flood modera- 
tors. Owing to the same cause the waters of the St Law- 
rence are generally clear and transparent, while those of 
the Mississippi are turbid. 

The Mississippi (Father of Waters) has its source in 
Lake Itasca, a beautiful sheet of water about eight miles in 
extent, lying among pine-clad hills at ain elevation of 1500 
feet. It cui'ves round at first to the north and east, and 
then flows southward to St Paul, where it is joined on the 
right by the Minnesota. In this part of its course its 
velocity is considerable, and there are several falls and 
rapids. From St Paul, the Mississippi continues with a 
general direction to the south, and receives in succession 
the waters of the Wisconsin, Iowa, Des Moines, and 
Illinois. It is here nearly a mile in width, with a gentle 
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current of clear blue water, and a surface dotted with 
numerous islands. It is now joined by the turbid Missouri, 
and though the width of the stream is not increased, its 
velocity is nearly doubled. 

The Missouri rises among the Rocky Mountains in several 
streams, which unite about the parallel of 45°. Its course 
is at first north through a long valley, and it then descends 
at the Great Falls by a series of cataracts, which are 
said to be next in grandeur to those of the Niagara. From 
this point the river turns eastward, and is joined by the 
Yellowstone, which rises in a beautiful lake, about the 
parallel of 44°. The two rivers, at their junction, may 
each be compared with the Rhine in length and volume 
of water, the Yellowstone being 800 yards broad. The 
remainder of the course of the Missouri is for a consider- 
able distance through a sandy desert, where it loses much 
water, so that though it receives a number of large feeders, 
the quantity of water it brings to the Mississippi is not 
much more than it has immediately after the junction of 
the Yellowstone. Near Fort Mandan the Missouri is de- 
flected south by the Coteau de Missouri, and after flowing 
a considerable distance, it is joined by the Platte or Ne- 
braska River, near Omaha, the terminus of the Central 
Pacific Railway. Proceeding still southward, it next re- 
ceives the Kansas, and then, turning once more to the 
east, pours its waters into the Mississippi, after a course 
of more than 3000 miles. The lower course of the 
Missouri is heavily timbered ; higher up there are exten- 
sive prairies, and the woodlands entirely disappear, except 
some small tracts near the river ; while large portions of 
the upper basin are barren and sterile. 

About 190 miles below the confluence of the Missouri, 
the Mississippi receives the Ohio, which brings with it the 
waters, of the Wabash, Cumberland, and Tennessee. The 
Ohio is formed by the confluence of the Alleghany and 
Monongahela. The former has its sources in the Alleghany 
Mountains south of Lake Erie ; the latter rises in Virginia, 
in the Laurel ridge of the Appalachian chain. These two 
streams unite at Pittsburg and form the Ohio, which flows 
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thence, with many windings, for 950 miles, and pours its 
clear green waters into the Mississippi. 

The Mississippi now flows through a well-timbered 
valley, which increases in width as it approaches the Gulf 
of Mexico. The Arkansas, which joins it on the right 
bank, is, next to the Missouri, its largest tributary. It rises 
in the Rocky Mountains, but its source is not exactly 
known. It receives several important feeders, among 
which the Canadian is said to be 1000 miles in length. 
But though the Canadian drains an immense tract of 
country, it is quite stagnant for a large part of its course in 
summer, and its bed is in many places entirely dry. A 
great portion of the water of the Arkansas also is absorbed 
in summer by the porous soil through which it flows. The 
Red River, which joins the Mississippi about thirty miles 
above Baton Rouge, has a total length of about 1500 miles, 
but is only navigable for about 300 miles, as a low swampy 
region clogged with drift timber is then reached. Like 
the Arkansas it is subject to spring floods ; and both rivers 
are so strongly impregnated with saline and ochreous matter 
as to be almost unfit for domestic use. 

Soon after receiving the Red River, the Mississippi sends 
off a large branch to the south-east called the Atchafalaya, 
and then, turning to the east, it discharges itself by five 
mouths at the extremity of a tongue of land which stretches 
fifty miles into the Gulf of Mexico, and forms a delta 
considerably larger than that of the Nile. The greater 
part of the delta is an unhealthy swamp, swarming with 
alligators. The total length of the Mississippi, including 
the Missouri, is 4265 miles, and the area of its basin has 
been estimated at 1,100,000 square miles. 

The Mississippi seems to have two annual floods ; the 
first in April, caused chiefly by the melting of the snow in 
the basin of the Missouri ; and the second and greater flood 
which begins in June. The swell of the river during the 
inundation is about twelve feet at New Orleans (120 miles 
from its mouth) ; at the confluence of the Ohio, about forty- 
five feet; but less in the Upper Mississippi. To secure 
the land from inundations, immense embankments, or 
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leeves Lave been formed along the river ; not unfrequently, 
however, the water bursts through and submerges the 
country. Indeed, the lower part of the Mississippi is so 
much flooded after the rainy season that there is often a 
space of inundated country from thirty to a hundred miles 
in width. Below New Orleans the aspect is very dreary. 
All the country is a reedy marsh without trees, and con- 
taining only a few fishermen's huts, and a residence for 
pilots at Belize. The river, however, is navigable for 2240 
miles, and affords therefore a splendid means of internal 
communication. It is united by means of canals with the 
basin of the St Lawrence and the great lakes ; and goods 
taken on board at New York may be conveyed by internal 
navigation to New Orleans without being unshipped. 

The Eio Grande, or Rio del Norte, rises not far from 
the sources of the Arkansas and Colorado, about the 
parallel of 40'' north. It flows at first southward, past 
Santa Fe, and enters Mexico. Then turning to the east, 
it breaks through the Cordillera of Cohahuela, and is 
joined by the Pecos. It now flows south-east into the 
Gulf of Mexico, its course lying through an arid plain, 
seldom refreshed by abundant rains ; hence its volume of 
water is not large. It empties itself below Matamoras, 
after a course of about 1500 miles. 

The streams which drain the Atlantic slope are com- 
paratively short, but of the greatest commercial importance. 
Many of them rise in the western ridges of the Alleghanies, 
and traverse longitudinal valleys before leaving the moun- 
tains. In falling over the rocky ledge which bounds the 
Atlantic slope, they form a series of rapids and cascades, 
which not only add to their picturesque beauty, but supply 
abundant water-power, which has been extensively utilized. 
As most of the streams also are navigable right across the 
plains, they offer important natural advantages to a manu- 
facturing and commercial community, which have not been 
neglected. Among the streams which drain the Atlantic 
slope, may be mentioned the Connecticut, Hudson, Dela- 
ware, and Susquehanna; and, farther south, the James 
Eiver, Roanoke, Savannah, and Altahama. 
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The chief streams which drain the Pacific slope are the 
Yukon, Fraser, Columbia, and Colorado. 

The Yukon, or Kwichpak, is a magnificent stream, above 
2000 miles in length, which drains the province of Alaska. 
It rises, under the name of Pelly, in the Rocky Moun- 
tains, and, flowing to the north-west, is joined by the 
Porcupine at Fort Yukon, an establishment belonging to 
the Hudson Bay Company. The river now flows west- 
ward for a considerable distance, until it reaches the 
neighbourhood of Nulato. Then turning to the south- 
west and west, it empties itself by a large delta. The 
banks of the Yukon are in many places well wooded with 
pine, poplar, willow, and birch, and the river abounds with 
salmon. The country is inhabited by various tribes of 
Indians, who collect the skins of fur-bearing animals, and 
barter them for manufactured goods. The river is navi- 
gable for about 1800 miles, but it is frozen for about eight 
months in the year. " The break-up of the great river 
was an interesting sight, the smaller streams and tri- 
butaries opening first, and running out on the surface of 
the ice. It was on the 19th May that the Yukon made 
its first great move, and for several days afterwards a 
constant stream of broken ice travelled past our station, 
at about six miles an hour — now surging into mountains as 
it met with some obstruction, now grinding and crushing 
on its way, and carrying all before it. Whole trees and 
banks were swept away remorselessly before its victorious 
march, and the river rose fourteen feet above its winter 
level." (Whymper.) 

The Fraser rises in the neighbourhood of Mount Brown, 
not far from the source of the Athabasca. It flows at first 
to the north-west, and enters Moose Lake, a fine sheet of 
water about fifteen miles long, lying in the Yellow Head 
Pass. Issuing from this lake, the Fraser makes a great 
circuit round by north and west, and at Fort George is 
joined by the Stuart River. The country enclosed by 
this great bend of the Fraser is the famous Cariboo dis- 
trict, the richest auriferous tract in British Columbia. 
From this point the river flows southward for about 
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400 miles, and is joined by many tributaries. Among 
these may be mentioned the Quesnelle, which drains 
several important lakes, and the Thompson, which enters 
the main stream at Lytton. The Thompson rises in the 
neighbourhood of the Yellow Head Pass, and near one of 
the sources of the Fraser. Its course is at first almost due 
south, through a narrow valley, heavily timbered ; but 
before reaching Kamloops, where it turns to the west, 
the country becomes more open, and there are tracts of 
great fertilfty. well grassed. 

At Kamloops the Thompson is joined by the Shushwap, 
a very important stream, which, flowing from the south, 
turns westward to enter Shushwap Ls^e, and then con- 
tinues in the same direction to Kamloops. Seven miles 
below the confluence, the Thompson expands into Kam- 
loops Lake, from which it issues as a clear stream, to 
be mingled, at Lytton, with the turbulent and turbid 
Fraser. The lower part of the Thompson, like the whole 
middle course of the Fraser, is distinguished by those 
curious terraces, or parallel benches, to which we have 
referred in a former chapter. 

Before reaching Fort Hope, the Fraser makes the pas- 
sage of the Cascade Range. The gorge through which the 
river runs becomes very narrow, and the Fraser flows in a 
succession of terrific rapids, called the Cafions. The moun- 
tains on either side rise 3000 or 4000 feet high, and seem 
almost to meet overhead ; and the river rages and foam^ 
down the rocky channel at the rate of twenty miles an hour. 
The mass of the Cascade Range is gray granite, and the 
sides of the chasm through which the river flows show 
beautiful sections of the rock. In many places, the oppo- 
site walls correspond in a most remarkable manner, sug- 
gesting forcibly that they have been portions of one solid 
mass which has been violently rent asunder. It is very 
probable, however, that this chasm has not been the result 
of any violent action, but has been gradually worn down 
by the action of glaciers and running water. 

After leaving the mountains, the valley of the Fraser 
widens rapidly, and flows between low richly-wooded 
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banks. Between Hope and Langley is the settlement 
.of Carnarvon, where the Fraser is joined, on the right 
bank, by the Harrison River, which drains the Harrison 
and Lilooett lakes. The usual route to the Cariboo dis- 
trict lies up this valley, as, by this means, the canons are 
avoided. New Westminster, the capital of the colony, 
stands about ten miles from the coast, where the delta 
begins to form. The total length of the Fraser is about 
800 miles. 

The Colombia rises in the Rocky Mountains, about the 
parallel of 50**, and flows at first northward through a long 
narrow valley. In the neighbourhood of Mount Brown, it 
breaks through the Selkirk range, which bounds it on the 
west; and then flows southward parallel to its former course, 
and near the boundary line is joined by the Eutanie. 
This feeder rises in the neighbourhood of the Vermilion 
Pass, and, flowing southward, is joined by affluents from 
the Eananaski and Eutanie passes. It then enters the 
territory of the United States, but soon again, turning 
northward, joins the main stream in British territory. 

The Columbia now flows directly south, and at the 
boundary line is joined by the Clarke River, which 
drains a considerable district in the Rocky Mountains. 
Flowing south-west, and then west, it receives a con- 
siderable stream on the right, which drains Lake Oka- 
nagan, a fine sheet of water in British Columbia, about 
sixty miles in length. Turning again to the south, the 
Columbia is join( d on the left by the Lewis, or Snake 
River, sometimes called the Southern Fork. It rises in 
the same mountain mass as the Missouri, but on the 
southern slope; and, after flowing south-west and west, 
curves round and flows for a considerable distance almost 
due north, being augmented on its way by several im- 
portant affluents. Then once more turning to the west, 
it joins the Columbia, bringing with it an equal volume of 
water. 

At the confluence of the Snake River, the Columbia is 
about 1300 feet above the sea, and is 3500 feet wide. 
From this point to the Cascade Range its course i» very 
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rapid, and it receives numerous affluents. It breaks through 
the mountains in a series of falls and rapids, which are quite 
impassable even by boats, and portages have been con- 
structed in order to avoid them. The gorge is of the 
grandest kind of natural scenery. The river empties 
itself into the Pacific by an estuary about seven miles 
wide, but the navigation is obstructed by a sand bar across 
the mouth, over which the sea breaks with considerable 
violence, and which renders access to the river difficult, 
and in some cases impracticable. The area drained by 
the Columbia has been estimated at 230,000 square 
miles. 

The Colorado, under the name of Green River, rises 
near Freemont^s Peak, and, flowing south, is joined by 
the Rio Grande, after which it is known as the Colorado. 
It now makes its way to the south-west and south, and 
falls into the Gulf of California. It receives many tribu- 
taries, of which the San Juan, the Colorado Chiquito, and 
the Gila are the chief, and it drains an area of 200,000 
square miles. This river is celebrated for its vast canons ; 
not only are they found in the main stream, but in the 
tributary valleys as well. The Great Cafipn of the Colo- 
rado is about 300 miles in length, and its sides rise from 
1000 feet to nearly a mile in perpendicular height. The 
first person to penetrate this vast gorge was an adventurer 
named White, who, when pursued by the Indians, embarked, 
with a companion, on a raft of cotton wood, and was carried 
by the current for many days down the narrow and gloomy 
chasm. Since then the whole gorge has been surveyed 
by an American officer, who found an extensive series of 
"faults" running across the gorge, the fissures of which 
have been vents for volcanoes. It is thus evident that 
this vast cleft has not been caused by volcanic action, 
since the fissures are at right angles to the canon. Dr 
Bell, who has devoted considerable attention to the study 
of these vast gorges, is of opinion that they are formed 
entirely by the action of river- water, and that their forma- 
tion requires the following conditions : a dry climate, never- 
failing streams, and a slope great enough to give force to 
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the current. In the case of the canons of the Colorado 
basin, the surface strata are soft ; but the erosion, once 
begun, is carried on even through the hardest granite. 
It has been further remarked that, where canons exist, 
the table-lands above them must be barren, since the 
water flowing through deep channels fails to fertilize the 
country. 
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CHAPTER XVIIL 
Rivers and Lakes op the Southern Continents. 

SOUTH AMERICA.— The great river systems of 
South America are those of the Orinoco, the Amazon, and 
the Rio La Plata. 

The Orinoco rises in the south side of the Parime Moun- 
tains, near the meridian of 64° west. Its course is at first 
westerly, and, near the station of Esmeralda, it is joined on 
the left bank by the Cassiquiare, which unites with the 
Rio Negro, an affluent of the Amazon, and thus connects 
that river with the Orinoco by a navigable water commu- 
nication. Continuing in its westerly course, the Orinoco is 
next joined by the Atabapo from the south, and the Gua- 
viare from the west. The latter is an important stream, 
which, rising in the Andes and flowing eastward, joins the 
Orinoco after a course of 500 miles. 

The main stream now turns to the north, and flows for a 
considerable distance between banks almost inaccessible, its 
bed filled with rocks and islands. In this part of its course 
are the celebrated rapids of the Atures and Apures, thirty- 
six miles apart, which are heard at the distance of several 
miles. The river, which is here 8500 feet broad, is divided 
into numerous narrow channels by rocks and rocky islands, 
between which the water runs with great rapidity, and 
forms a succession of small cascades. The highest of these 
falls does not exceed nine feet, but the velocity of the 
stream is very great. Opposite the mouth of the river 
Meta there is a powerful whirlpool round an isolated rock, 
called the " Stone of Patience," from the circumstance of 
its generally taking two days to pass it at low water. 

The Meta rises in the Andes to the cast of the town of 
Bogota, and is said to be navigable for about 100 miles 
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from that town. It is joined on the left by an aflSuent 
called the Casanare, which originates not far from one of 
the most frequented passes in the Andes. It is therefore 
frequently navigated; and English goods are sent from 
Trinidad up the 'Orinoco, Meta, and Casanare, and then 
over the mountain-pass to Bogota and the adjacent parts. 
The Meta rises at a considerable elevation in the Andes, 
and its length exceeds 500 miles. It has been remarked 
by Humboldt that the difference in elevation between its 
source and outlet is such that the vegetable productions 
where it rises differ as much from those at its confluence 
as does the vegetation of France from that of Senegal. 

A little lower than the confluence of the Meta, the 
Orinoco is joined by the Apure, which also rises in the 
Andes, and brings with it the waters of several streams, 
some rising in the Andes and others in the mountains of 
Caracas. The Orinoco here turns to the east, and flows 
with a current about three miles wide. In this part of its 
course navigation for boats is rendered dangerous by the 
floating rafts, which consist of forest trees torn up by the 
inundations of the river, and covered with aquatic plants ; 
but vessels of larger size can navigate the river safely as 
far as the mouth of the Apure. Near the town of Angos- 
tura the river is not more than 710 yards wide, being 
hemmed in by rocks, but the narrow passage is not dan- 
gerous. Below Angostura there are several islands of no 
great size. The delta begins to form 130 miles from the 
mouth, and the outlet of the river is only two degrees dis- 
tant from the meridian of its sources. 

The length of the Orinoco has been estimated at 1380 
miles, and the area of its basin is 300,000 square miles ; 
the upper part is one vast forest, the lower consists of those 
extensive grassy plains called llanos. The river abounds 
with fish ; caymans, or round-mouthed crocodiles, are very 
numerous. The tides at the lowest season are felt as far as 
Angostura, but the rise is not material above the junction 
of the Caroni, about 160 miles from the mouth. The annual 
rise of the river, caused by the tropical rains, commences 
immediately after the vernal equinox. At first it rises 
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slowly, and the river sometimes sinks again in April. It 
attains its highest level in July, and remains stationary 
from the end of July to the end of August. At this time 
the plains which lie to the north and west are flooded. The 
water then begins to fall, but very gradually, and at the 
beginning of February the river is at its lowest ebb. 

The Amazon is formed by the united waters of the 
Marafion and Ucayali. The Marafion is usually looked 
upon as the main branch, but the Ucayali is much the 
longer. The former issues in two streams from the Lake of 
Lauricocha, which lies on the table-land of Pasco, at an 
elevation of more than 14,000 feet. Leaving the lake the 
river flows in a north-west direction for a distance of about 
500 miles. The upper part of this course, for a distance of 
120 miles, is through a ravine between high summits, and 
the current must be very rapid, as it makes a descent, in 
that distance, of 11,000 feet. Lower down, the valley be- 
comes more open, and the river flows with a rather gentle 
current. It bursts through the eastern ridge of the Andes 
at Pongo de Manseriche, a rapid about seven miles long. 
Below San Borja the Marafion receives the Huallaga, 
which rises near the town of Pasco, and flows in a valley 
parallel with the main stream; above the junction it is 
almost a mile in width. 

The Ucayali is formed by the union of the Urubamba 
and Tambo. The former drains the eastern part of the 
table-land of Cusco. The Tambo is formed by the con- 
fluence of the rivers Apurimac and Mantaro, though the 
name Apurimac is often applied also to the united stream. 
The Mantaro, under the name of Rio Jauja, rises in the 
table- land of Pasco, not far from the sources of the Marafion 
and Huallaga, and flows southward for some distance. It 
then returns towards the north, but finally winds along in 
an easterly direction. It now receives the name of Man- 
taro, and, bursting through the Cordillera in a deep and 
narrow ravine, joins the Apurimac. This stream rises not 
very far from Arequipa, about the 16th parallel, south 
latitude, and drains the western portion of the table-land of 
Cusco. Not far below the junction of the Urubamba and 
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Tambo there is a great rapid or cataract called Vuelta 
del Diavolo. From this place downward the Ucayali runs 
about 500 miles, first north-west, and afterwards north-east, 
and no impediment to its navigation by large vessels occurs 
in this part of its course. Among its chief tributaries is 
the Rio Pachitea, which rises on the eastern declivity of 
the mountains which enclose the upper valley of the 
Huallaga. Nearly the whole of its course appears to be 
navigable, and there is thus access to Southern Peru, within 
200 miles of Lima. The total length of the Ucayali, 
measured to the source of the Apurimac, is estimated at 
1200 miles. Where it joins the Maranon, a line of fifty 
fathoms does not reach the bottom, and in breadth it is said 
to be more like a sea than a river. 

At the confluence of the Maranon and Ucayali the 
Amazon may be said to begin, and it flows with a general 
easterly direction for about 3000 miles before it reaches the 
Atlantic. The number and length of its tributaries are in 
proportion to its magnitude. More than twenty of its 
feeders are 1000 miles in length and upwards ; these flow 
in mainly from the south. The Purus, a noble river, rises 
in the forest plains east of the Ucayali, at an elevation of 
only 1100 feet. It flows throughout the whole of its 
course through a plain of extreme fertility, covered with 
forest. It is 1880 miles in length, and is navigable by 
steamers for about 1000 miles. 

The longest tributary of the Amazon is the Madeira, 
which is formed by the junction of the Guapore and Beni. 
The Guapore rises about 100 miles north-east of Matto 
Grosso, and at first runs south and west. It then turns to 
the north-west, and is joined by the MamorS. This stream 
rises under the name of Cochamba, and flows at first south- 
east. Being joined by several affluents, it takes the name 
of Rio Grande; and then, sweeping round to the north, 
below Santa Cruz, takes the name of Mamor^. Having 
joined the Guapore, the united stream flows northward, 
and joins the Beni. This river is formed by several moun- 
tain streams, two of which rise in the plateau of Titicaca. 
The more southerly one has its origin to the north-west of 
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Illimani, passes the town of Le Paz, and then traverses the 
eastern cordiUera through an enormous chasm. The other 
stream rises at no great distance from the peak of Sorata, 
and also breaks through the chain by a deep ravine. After 
.the confluence of the Beni and Guapore the Madeu*a is 
about 900 fathoms wide, and in its course to the north-east 
it preserves this width, with a considerable depth; its 
course, however, is interrupted by numerous cataracts. 
The total length of the Madeira exceeds 2000 miles. 

The most important tributary on the left bank of the 
Amazon is the Rio Negro, which originates in a swampy 
tract about 2** SO' north, and 70** SO' west longitude. It 
runs first north-east, and afterwards south-east for about 
200 miles, and is then joined by the Cassiquiare, which 
comes with rather a rapid current from the Orinoco. The 
Rio Negro now runs with numerous windings almost due 
south, till it is joined by the Uapes, which rises in the 
Andes. The main stream now flows at first east, and then 
south-east, presenting the appearance of a succession of 
lakes, as it sometimes expands to twelve, or even twenty 
miles in width, and then again contracts to a mile, or a mile 
and a half. About 200 miles from its mouth it is joined 
by the Rio Branco, which rises not far from the source of 
the Orinoco, and receives an affluent whose source is not 
far from that of the Essequibo. The whole length of the 
Rio Negro is from 1200 to 1400 miles. 

The width of the Amazon increases as it proceeds east- 
wards. At the confluence of the Ucayali its width is about 
a mile, lower down it increases to two miles, and after it 
has been joined by the Madeira it is nearly three miles. 
About 100 miles from its mouth the Amazon throws off a 
branch which encircles the island of Marajo ; where this 
branch enters the sea it is called the River Para, and into 
this channel flows the Tocantins. The Amazon empties 
itself by a large estuary containing numerous islands. The 
mouth of the estuary is 180 miles wide, and in the entrance 
lies the island of Caviana. Such is the strength of the 
stream and the volume of water brought down by this 
mighty river, that the current sweeps onward unbroken, 

Q 
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and unmixed with tlie ocean, for a distance of 200 miles from 
its embouchure. The total length of the Amazon, measured 
from the most distant source of the Ucayali, is 4700 miles, 
and the area of its basin is 2,500,000 square miles. 

The rise and fall of the tide is distinctly felt at Obydos, 
400 miles inland. At the spring tides, but especially at 
new moon, the phenomenon called the bore occurs. The 
wide mouth of the river receives the broad swell of the 
Atlantic tidal wave ; but as the channel becomes narrowed 
by the islands, and by the gradual approximation of the 
banks, the tide has not room to move up the stream, and, 
pressed on by successive waves from behind, it rises up in 
a wall of water from ten to fifteen feet in height. Two, 
three, and sometimes four enormous waves sweep with 
irresistible force and velocity up the river and over its 
banks,- carrying everything before them, accompanied with 
a tremendous roar that is heard to the distance of four or 
five miles. No small vessel can encounter the rush of 
water without almost certain destruction. 

The annual floods of the Amazon are less regular than 
those of the Orinoco, as the rainy season does not take 
place at the same time over the whole of its drainage area. 
It may almost be said that the river is never at low water ; 
for when its northern affluents, during the dry season, bring 
down a comparatively small volume, the southern affluents 
are filled by the rains, and pour into it an overwhelming 
mass of water. But the rains do not commence in the 
same month, even in countries which are situated under 
the same parallel. The waters of the Maraiion begin to 
rise at the end of December, those of the Solimoes — as the 
river is sometimes called between the junctions of the 
Yavari and Rio Negro^at the end of January, and those 
of the Amazon proper, in February. In the Madeira the 
water is highest from the end of March to the end of June. 
It should be remembered that the effect of the tropical 
rains upon the swelling of the rivers becomes apparent 
only after a period of from four to six weeks ; and in the 
Madeira the period may be still longer, from the fact that 
the country drained by it is almost a perfect level. 
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At present the vast extent of country drained by the 
Amazon is almost in a state of nature, being mostly covered 
with immense forests, affording shelter to wild beasts and 
countless reptiles. But it is capable of supporting a popula- 
tion equal to that of the whole of Europe. The river and 
its tributaries afford the greatest extent of inland naviga- 
tion of any river-system in the world ; and the Brazilians 
call it the " Mediterranean of South America." From its 
mouth up to the Pongo de Manseriche, there is not a single 
cataract or rapid. Steamers of 1000 tons burden can navi- 
gate the main stream as far as the confluence of the Ucay- 
ali, and smaller steamers have ascended that river beyond 
the junction of the Tambo and Urubamba. Commerce is 
already taking advantage of these facilities, and Peruvian 
bark, hitherto shipped exclusively from the ports of the 
Pacific, is now beginning to find its way to England by 
the Amazon and the Para. 

The Rio de la Plata is formed by the junction of the 
Parana and Uruguay. The Parana, under the name of 
Rio Grande, rises near the southern extremity of the Serra 
do Espinha90, and flowing to the north-west, after a course 
of about 500 miles, is joined on the right bank by the 
Paranahyba, after which it takes the name of Parana. 
Flowing now to the south, and then west, it joins the 
Paraguay after a course of about 1000 miles. It is not 
navigable, however, for more than 100 miles, owing to the 
numerous saltos or falls which interrupt its course. The 
largest of these, called Sete Quedas (seven falls), is situ- 
ated about the parallel of 24° south. Just above the fall, 
the Parana is nearly four miles wide, but it is suddenly 
contracted to about 50 fathoms, and is divided into seven 
channels by six small islands. The immense volume of 
water rushing through these channels is precipitated over 
a rocky ledge with indescribable fury, and a noise heard 
at the distance of several miles. The lowest fall in the 
river is about the latitude of 27° 30', and from this point 
the river is navigable for vessels of 300 tons. 

The Paraguay, which joins the Parana at Corrientes, 
rises in seven small lakes on the southern slope of the 
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Serra dos Vertentes. These lakes, which are at short dis- 
tances apart, communicate by narrow channels, and the 
river issuing from the last flows through a swampy country 
in a northward direction for a short distance, and then 
winding round by the west, takes a southerly course. It 
descends from the mountains with a rapid course, and 
arrives in the plain about 150 miles from its source. 
About the 20th parallel there is a tract of swampy ground 
called Lake Xarayes, which, at the end of the rainy 
season, when the rains are very abundant, is covered with 
water to the depth of ten or twelve feet. In September, 
however, the waters are entirely carried off, and the whole 
surface — said to be as large as Lake Superior — is again 
laid dry. A considerable portion of the inundated land is 
covered with a kind of wild rice, on which innumerable 
flocks of wild fowl feed. 

The Paraguay, continuing its course to the south, is 
joined at Ascension by the Pilcomayo. This river rises 
in the Andes, on the southern declivity of the knot of 
Lipez, and is soon joined by the San Juan, which origi- 
nates in El Despoblado. The two streams receive all the 
drainage of the Andes from 19° to 23° south latitude ; and, 
after their union, the Pilcomayo is a broad and deep 
river. In flowing through the Gran Chaco, however, 
much of its water is absorbed, and it becomes extremely 
shallow ; so that it is not navigable, even for small boats, 
at a distance exceeding 100 miles from the Paraguay. The 
Vermejo, which joins the Paraguay just before its conflu- 
ence with the Parana, also rises in the Despoblado moun- 
tains, and joins the main stream after a course of about 700 
miles. 

Below Corrientes, the width of the Parana varies from 
one mile and a half to two miles, but the whole volume 
of water seldom flows in one channel, as the current is 
divided by a continuous series of islands, overgrown with 
low trees, and subject to inundations. At Santa F6 it is 
joined by the Salado, which rises on the southern border 
of the table-land of Despoblado, and after a devious course 
among the mountains flows south-east, and joins the Pa- 
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rana after a course of about 800 miles. In this part of its 
course the Parana is divided into numerous branches, 
formed by large islands, and it opens into the estuary of 
the La Plata by a large delta. 

The Uruguay rises in the southern continuation of the 
Serra do Mar, about seventy-five miles from the Atlantic. 
It runs for a considerable distance westward between rocky 
banks, and where it turns to the south-west assumes the 
appearance of a large river. It receives several important 
affluents, of which the Rio Negro is the principal, and it 
enters the La Plata after a course of about 800 miles. 
The country through which the Uruguay flows is of an 
uneven and rocky character, and hence the current is in- 
terrupted by falls and rapids. The river is navigable as 
far as the first great fall, called Salto Grande, about 190 
miles above its mouth. 

The estuary of the Rio de la Plata is 185 miles in 
length, and its breadth, at the mouth, is 130 miles. The 
coast on the north is in general high and rocky, but the 
opposite shores are low, and allow the pamperos, or south- 
west gales, to sweep over the surface without interruption. 
The depth of the estuary is not great, being only about 
ten fathoms at its mouth, and graducdly decreasing; so 
that at Monte Video the average depth is not more than 
three fathoms. Navigation is very difficult owing to dan- 
gerous shoals, the strong currents, and the sudden and 
violent gales to which it is exposed. The estuary, how- 
ever, everywhere affords good anchorage ground. Little 
or no tide has hitherto been noticed. The total length 
of the La Plata, measured from the source of the Para- 
guay, is about 2450 miles ; and the basin is estimated to 
occupy an area of 1,250,000 square miles. 

AJ^BICA. — The chief river-systems of Africa are those 
of the Niger, Nile, Congo, and Zambesi. 

The Niger, Joliba, or Quorra has its source in several 
streams which rise on the northern slope of the Kong 
Mountains. In 1869 Mr Winwood Reade struck upon the 
river at a point 250 miles north-east from Sierra Leone, 
and in 1879 two Frenchmen^ starting from Sierra Leone, 
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succeeded in reaching the source. Cailli6, a French tra- 
veller, crossed the river at Curuassa, about 100 miles 
from its source, and found that it was there navigated 
by l^ge canoes. It flowed from the south-west to north- 
east, in a wide valley surrounded by hills from 150 to 200 
feet in height. From Curuassa to Bammakoo, a distance 
of 200 miles, the course of the stream has not been ex- 
plored; but from that point to Timbuctoo, it has been 
made known to us by the labours of Mungo Park and Cailli^. 

Mungo Park, who was sent out by the African Associa- 
tion in 1795, was the first to discover the upper portion of 
the Niger, at least in modern times. He struck upon the 
river at Sego, where it appeared as broad as the Thames 
at Westminster Bridge, and succeeded in ascending it to 
Bammakoo. He also made his way to Silla, about seventy 
miles below Sego ; but at length, worn out with fatigue 
and sickness, he was compelled to return. In a subse- 
quent journey he embarked at Sego, and descended the 
river, more than 1000 miles, to the town of Boussa. Here, 
however, he was attacked by the king of Yaouri, whom 
he had neglected to conciliate by presents ; his boat was 
sunk, and he and his men were killed. 

From Bammakoo the river continues to run in a north- 
east direction through a wide valley, which produces good 
crops of rice, maize, and vegetables, and has good pastures. 
The current of the river is moderate, and offers no impedi- 
ment to navigation. Below Jenneh the river expands into 
the Lake of Debo, which extends for about ten miles from 
north to south, but has a much greater breadth. In ap- 
proaching Timbuctoo the Niger separates into two branches, 
which shortly afterwards imite, and on the smaller and 
more northern of these branches is Cabra, the port of Tim- 
buctoo. From this point the Niger seems to run in a 
south-east direction to Yaouri, but this part of the river 
has not been visited by Europeans since Mungo Park\s 
death, and none of his papers were recovered. Yaouri, 
however, was the point reached by the two Landers in 
1830, who sailed down the stream from this place to it|s 
embouchure in the Bight of Benin. 
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Between Yaouri and Rabba the river runs south; it 
then again bends to the south-east, and is joined by the 
Tchadda. * This feeder rivals the principal stream in size 
and volume of water. It was thought at one time that it 
flowed from Lake Tchad, but that opinion is no longer 
entertained, though the exact position of its source is uncer- 
tain. That portion of the Niger which lies between Yaouri 
and a point sixty miles below the confluence of the Tchadda, 
is only navigable during and after the rainy season, 
as the channel is full of shoals, rocks, and sandbanks. 
The river in these parts runs through a mountainous 
country, but there is a low fertile valley, which is annually 
inundated, and villages and cultivation are common. Lower 
down, the river leaves the mountain region and enters a low 
alluvial plain, the lower part of which is an unhealthy 
swamp, covered with jungle. 

The delta, which is as large as Ireland, is covered, with 
swamps, jungles, and forests. The more elevated parts 
are cultivated, and villages occur at distances of two or 
three miles. The principal channel is that called the Nun, 
and is that by which the brothers Lander descended. There 
are, however, six other branches, the most eastern being 
Old Calabar. The whole course of the Niger probably 
exceeds 2500 miles. The country drained by the river is 
of the greatest fertility, but the inhabitants are sunk in 
barbarism. The slave-trade is extensively carried on, and 
wars are continually waged between the different tribes. 
Several attempts have been made to explore the river 
more thoroughly, and, if possible, to establish commercial 
relations with the inhabitants ; but most of the expeditions 
have been disastrous, mainly owing to the unhealthy 
climate. 

The Nile. — The discovery of the source of the Nile is a 
problem that has attracted the attention of travellers for 
the last 2000 years, and is one that still remains unsolved. 
Bruce, a century ago, thought he had discovered this 
source in Abyssinia when he traced up the Blue Nile to 
Lake Dembea, but a better acquaintance with the geo- 
grapher of Africa proved that the White Nile was the main 
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Stream. Successive explorers traced this river up to within 
a few degrees of the equator, but in 1860 Captain Speke 
determined to make an attempt from the south. Three 
years earlier he had been sent out, along with Captain 
Burton, to explore the Tanganyika ; and while engaged in 
the expedition the travellers were informed by the natives 
that another large lake lay to the north, in the neighbour- 
hood of the equator. This lake was subsequently visited 
by Speke, and by him named the Victoria Nyanza; and 
from all he heard and saw he felt convinced that he had 
here discovered the source of the Nile. The natives 
informed him that a broad deep river issued from the 
northern extremity of the lake, and flowed in a north- 
westerly direction; and he knew that the Nile had been 
traced to within three degrees of the equator, and seemed to 
come from the direction in which the Nyanza lay. 

On his return to England he laid his views before the 
Royal Geographical Society, and the result was the expe- 
dition fitted out in 1860, and placed under command of 
himself and Captain Grant. The travellers met with many 
delays and difficulties, owing to the jealousy of native 
tribes, and to the wars which were continually waging 
among them, but they succeeded in tracing the west coast 
of the lake, and discovered the stream which issued from it. 
They then traced the river as far as the second parallel of 
north latitude, but as it there makes a great bend to the 
west, they struck across the country and came upon the 
river again a little south of Gondokoro. Here they met 
with Mr (now Sir Samuel) Baker, who had fitted out an 
expedition at his own expense, and had ascended the Nile 
in order that he might render assistance to Speke and 
his companion if it were needed. Having announced the 
success he had achieved, Speke then informed Baker that 
one part of the river still remained unexplored, and that 
he might, by tracing the river westward from the Karuma 
Falls — the point where Speke had left it — share in the 

freat discovery. Baker gladly undertook this task, and 
peke and Grant proceeded homeward. 
Baker found that the Nile, after flowing westward for 
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some distance, entered another magnificent lake, which he 
named the Albert Nyanza. On the west, at a distance of 
fifty or sixty miles, blue mountains rose from the opposite 
shore to a height of 7000 feet; but there appeared no 
limit to its extension in a south-west direction. The Nile 
enters the lake at the north-east, where it is about fif- 
teen miles broad, and issues from its northern extreniity ; 
and from a neighbouring eminence Baker could trace the 
river, by the verdure of its banks, to a considerable dis- 
tance northward. 

There seems no reason to doubt, therefore, that the 
river which issues from the Victoria Nyanza, and after- 
wards enters and leaves the Albert Nyanza, is identical 
with the White Nile ; but now the question arose. Which 
of the two lakes is to be looked upon as the true source 
of the Nile? It was evident that this question eould not 
be settled until the southern limits of the Albert Lake 
had been ascertained, and until it was known what 
streams flowed into it. Some geographers were of opinion 
that it might communicate with the Tanganyika ; and if 
so, the Tanganyika must be looked upon as the true 
source of the Nile. At this time Dr Livingstone was 
preparing to return to Africa, and it was suggested to him 
that he should endeavour to settle the question by ascer- 
taining whether or not there was any connexion between 
the two great lakes. 

We have referred in a former chapter to the important 
discoveries made by Dr Livingstone during his last great 
journey. He was of opinion that the Lualaba is the head 
stream of the Nile, but the great geogi'aphers of Europe 
have unanimously rejected this opinion. The reasons which 
have led them to this decision will be given in con- 
nexion with the river Congo. With respect, however, to 
any connexion between the Tanganyika and Albert Lakes, 
Livingstone's testimony would appear to be correct. At 
one time he seems to have been convinced that the Tan- 
ganyika had an outlet at the northern extremity, for he 
mentions that during his stay at Ujiji he had watched for 
three months " the majestic flow of flie Tanganyika towards 
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the north." When, however, in company with Mr Stanley, 
he visited the northern extremity of the lake, he found there 
was no outlet, but that, on the contrary, an important 
stream flowed into the lake, thus showing the slope of the 
ground. 

It seemed impossible to dispute this evidence, but it in- 
volved several difficulties, and not the least was the fact 
that without having any outlet the waters of the Tangan- 
yika were fresh and sweet. Commander Cameron, how- 
ever, since Livingstone's death has discovered what he 
believes to be an outlet on the south-west coast. He has 
named the effluent the Lukuga, and he thinks that it flows 
into the Lualaba. In the meantime Sir Samuel Baker, who 
had conducted an expedition to the great equatorial lakes 
sent out by the Khedive of Egypt, returned home with the 
intelligence that, according to native accounts, there was a 
connection between the two lakes, and that a ship launched 
on the Albert Nyanza could pass direct to IJjiji. The 
question, however, has been finally settled by M. Gessi, a 
member of Colonel Gordon's expedition. In 1876 he 
sailed round the Albert Lake, and found that it had no 
connection with the Tanganyika. 

It is now generally admitted that the Victoria Nyanza is 
to be looked upon as the source of the White Nile. An 
opinion was advanced some time ago, and met with con- 
siderable support, to the effect that the Victoria Nyanza 
was not one large sheet of water but a cluster of smaller 
lakes. Mr Stanley, however, who in 1875 carefully sur- 
veyed the whole, has confirmed in all main points the 
account of the lake given by Captain Speke. It is the 
largest of the African lakes, and has an area of about 
28,000 square miles. 

The Nile leaves the Victoria Nyanza by the Ripon Falls, 
which are about twelve feet deep, and about 400 feet wide. 
Flowing to the north, it next passes the Karuma Falls, or 
rather rapids. The river now turns westward, and before 
entering the Albert Nyanza forms a magnificent cataract, 
named by Baker the Murchison Falls, " On either side of 
the river were beautifully wooded cliff's, rising abruptly to 
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a height of about 300 feet; rocks were jutting out from 
the intensely green foliage; and, rushing through a gap 
that cleft the rock immediately before us, the river, cou- 
tracted from a grand stream, was pent up in a narrow gorge 
of scarcely fifty yards in width. Roaring furiously through 
the rock-bound pass, it plunged, in one leap of about 120 
feet, perpendicularly into a dark abyss below." {Explora- 
tion of the Nile Sources,) 

Leaving the Albert Lake, the Nile flows northward, and 
before reaching Gondokoro is joined by the Asua, which 
comes from Lake Baringa. Below Gondokoro the first 
important feeder is the Bahr-el-Ghazelle, which joins it on 
the left bank. The confluence appears like a lake three 
miles wide, but there is no perceptible current. The Sobat, 
which joins the Nile a little lower down, on the opposite 
bank, seems to be a more important stream. Sir S. Baker, 
when conducting the expedition up the White Nile, from 
which he has recently returned, found the channel of the 
river completely choked with floating rafts of vegetation 
brought down by the stream; and it was necessary to 
cut a passage several miles in length before he could pro- 
ceed with his flotilla. 

From the junction of the Sobat, the river flows almost 
due north to Khartoum, where it is joined by the Blue Nile. 
This stream in summer is not navigable between Khartoum 
and Senaar, but shortly after the rainy season it brings 
down an immense volume of water, and to it mainly the 
rising of the Nile in Egypt is due. The Blue Nile rises 
from two fountains, at an elevation of about 10,000 feet. 
It then flows northward to the Lake ofDembea, a large sheet 
of water, which receives many other streams. Issuing from 
the lake the river takes a circuit to the south-east and 
south, then flowing to the north-west, it reaches Khartoum. 
It receives several important tributaries, and is in many 
parts interrupted by cataracts. At its confluence with the 
White Nile it is about half a mile wide, and has a rapid 
current ; but during half the year its waters are low. 

Not far below the confluence of the two great branches, 
the Nile rushes in a narrow gorge through a low range of 
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mountains, forming what is called the sixth cataract. Then 
bending to the north-east, through extensive and fertile 
plains, it is joined by the Atbara, which rises about two 
miles east of Lake Dembea, and brings with it the waters of 
the Tacazze. When swollen by the rains it is an important 
stream, but during the dry season it is only a succession of 
pools. From the junction of the Atbara to the Mediter- 
ranean, a distance, of 1350 miles, the Nile receives no 
affluent whatever ; we have no other example of the kind 
in the whole globe — ^perhaps the nearest approach to it is 
the lower course of the Indus. 

Below the fifth cataract the Nile makes a great bend to 
the south-west and west, and then again resumes its 
northerly course ; in this course are the fourth and third 
cataracts. The second cataract is under the 22d parallel, 
and the first or lowest cataract is that of Assouan, near the 
island of Elephantine, where the river has cut its way 
through a ridge of granite rocks. About six miles above 
Assouan the Nile leaves Nubia and enters Egypt, and flows 
in a gentle winding stream through the whole country. 
The delta begins to form about ninety miles from the sea, 
and its greatest breadth from east to west is about eighty- 
five miles. The total length of the Nile must exceed 3000 
miles ; the full extent of its basin is not at present known. 

The Nile begins to rise in Abyssinia as early as April, 
but no increase is felt in Cairo until the beginning of June. 
It then continues rising until the end of September, when 
the delta is almost entirely under water. The average 
height of the flood is about twenty- three feet, and the whole 
country has the appearance of an immense lake, the villages, 
which are generally built on rising ground, appearing as 
islands. The waters begin to subside in November, leaving 
a rich alluvium, which is the great source of the fertility of 
Lower Egypt. 

The Congo flows into the Atlantic about the parallel of 
6** south latitude, by a broad estuary. The outlet is about 
six miles in width, and the depth in mid-channel is 150 
fathoms, and for volume of water and strength of current 
it exceeds even the Mississippi. In 1816 an expedition 
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was sent out under Captain Tucker to explore the river. 
He succeeded in advancing 280 miles up the stream, but 
was then obliged, owing to the lateness of the season and 
the sickness of his party, to return. For a considerable 
distance up the stream the banks are clothed, with an exu- 
berant vegetation, presenting to the eye a continued forest 
of tall and majestic trees. At a distance of about 140 miles 
from its mouth, the river forces its passage through the 
coast range, and for a distance of about forty miles forms 
a series of rapids, called by the natives Tellala, In this 
part the Congo is from 300 to 500 yards wide, but beyond 
the rapids the river expands to two, three, and even four 
miles ; and at the point where Captain Tucker was obliged 
to abandon the journey, it was a fine navigable stream; 
the land was fertile and well peopled, and provisions and 
game abundant. 

In his adventurous journey across Africa, Commander 
Cameron intended to have followed the Lualaba to its 
outlet, in the hope that he should be able to identify it 
with the Congo. He was not able, however, to proceed 
further than Nyangwe, a place of considerable trade, in 
lat 4** 12' south, and long. 26** 31' east. Stanley, having 
a larger force with him, was more successful. He suc- 
ceeded, in spite of much opposition, in tracing the stream 
far below the point reached by Captain Tucker. 

The Congo, then, or Livingstone, as Stanley proposes 
to call it, has its source to the south of Lake Tanganyika, 
and under the name of Chambesi enters Lake Bangweolo. 
Issuing from the lake under the name of Luapula, it turns to 
the north, and after passing through lakes Moero and 
Kamarondo takes the name of Lualaba. In this part of 
its course it is joined by the Lukuga flowing from Lake 
Tanganyika. This stream was first mentioned by Cameron, 
and subsequent travellers have proved the accuracy of 
his statement. Just before entering Lake Lanji the 
Lualaba is joined by the Eassai or Eassabi, which has its 
source about ten degrees south latitude, and was at one 
time considered to be the main stream. The Lualaba 
continues to flow in a north-west direction until it passes 
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the equator, where it receives on the right bank the 
Aniwimi, which Stanley supposes to be the Welle or 
Uelle, though Dr Schweinfurth, as we have already stated, 
identifies the Uelle with the Shary, which flows into Lake 
Tchad. In lat. 1** 52' north the Lualaba, or Congo, as we 
may now call it, turns to the west and then to the south- 
west, in which direction it continues until it enters the 
Atlantic. In this part of its course it receives some 
important tributaries, including the Ikelemba. The area 
of its basin must be nearly one million square miles. 

The Zambesi has its source in several streams, which 
drain the southern slope of that ridge of high ground from 
which the Lualaba takes its rise. Its chief branch is the 
Leeambye, and it is joined by the Leeba, at the head of the 
Barotse Valley. The Leeba flows from Lake Dilolo, which 
lies at an elevation of 4740 feet, and it is said that this lake 
also sends an affluent to the Kasai, a feeder of the Congo. 
After the confluence of its two branches, the Zambesi flows 
southward for 240 miles to its junction with the Chobe. 
It now forms the celebrated Victoria Falls, and then winds 
away to the north-east to its junction with the Kafiie, 
which joins it on the left bank. From this point it flows 
east and south-east, and empties itself by a delta as large 
as Scotland. Its principal feeder in this part of its course 
is the Shire, which drains Lake Nyassa. The total length 
of the Zambesi is about 2000 miles. 

AUSTRALIA. — ^The only river-system of any im- 
portance in Australia is that of the Murray. 

The Murray. — The western slope of the Dividing Range, 
throughout the whole of New South Wales, is drained by 
streams belonging to the basin of the Murray. The most 
important of these streams, with respect to length, is the 
Darling, which, under the name of Condamine, rises in the 
mountains to the west of Brisbane, and, after making a 
circuit round by the north, flows south-west to Menindie, 
and then directly south to the Murray. Among its chief 
feeders, on its left bank, are the Castlereagh, Macquarie, 
and Bogan ; and, on its right, the Warrego and the Parru. 
The Macquarie has a length of about 300 miles; in the 
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upper part of its course it is an important stream, but it 
afterwards loses itself in an extensive swamp, from which 
two small rivulets issue and flow into the Darling. 

The Murray rises in the Australian Alps, and, flowing 
to the north-west, is joined, on the right bank, by the 
Murrumbigee, which brings with it the waters of the 
Lachlan. The united stream then flows to the north- 
west, and, after being joined by the Darling, continues 
in that direction for about 200 miles. Then turning 
southward, it empties itself into Lake Alexandrina. This 
lake is very shallow, and opens into Encounter Bay by a 
naiTow stream called the Goolwa, the entrance to which 
is beset with breakers. The total length of the Murray, 
measured to the source of the Darling, must be at least 
3000 miles, and the area of its basin is about 500,000 
square miles. 

The Murray has been navigated by steamers for a dis- 
tance of 2650 miles ; but the diflficulty of its entrance, and 
the shallowness of its current, are great drawbacks. Of all 
the streams which make up this large river-system, the 
Murray and Murrumbigee are the only two that are per- 
manent rivers ; the rest only flow in flood time. Some- 
times the Darling is so low that it receives a current from 
the Murray. Most of the streams depend upon the rains 
and snows of the mountains for their supply, and in their 
passage through the plains lose a large portion of their 
water by absorption and evaporation. At one part of the 
year they leave the mountains as foaming torrents, and 
spread over the plains in vast marshes : in the dry season, 
they dwindle down to trifling brooks, even in the moun- 
tains ; and in the plains are a mere succession of pools, or 
perhaps completely dried up. 
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CHAPTER XIX. 

The Oceans and Currents* 

The Ocean occupies three-fourths of the entire surface 
of the globe. This large mass of water is divided into 
several parts by the great land masses, and to each division 
a distinctive name has been given. 

The Pacific, the largest of these divisions, is bounded on 
the east by America, on the west by Asia and Australia. 
It is somewhat oval in shape, but widens considerably to- 
wards the south. Its eastern shore is rocky and con- 
tinuous; its western shore, which is not so high, is 
indented with large land-locked seas. We have already 
mentioned that the whole shores of the Pacific are highly 
volcanic. Its length from north to south is about 10,000 
miles ; its greatest breadth is nearly as much ; and its total 
area has been estimated at 90,000,000 square miles, so that 
it covers nearly one half of the whole surface of the globe. 

The Atlantic Ocean, extending between the Old and New 
Worlds, is equal to the Pacific in length, but is compara- 
tively narrow, its widest part being not more than 3600 
miles across. Jt has been remarked that this ocean is 
valley-like in shape, the opposite sides corresponding to 
each other. The northern half of the Atlantic contrasts 
with its southern basin in its number of land-locked seas. 
On the east we have the Baltic, Gennan Ocean, and 
Mediterranean; on the west, Hudson Bay, the Gulf of 
Mexico, and the Caribbean Sea. Its shores contrast with 
those of the Pacific in being in general low and sloping, 
and hence it receives the drainage of a great part of the 
dry land. Its area is about 25,000,000 square miles. 

The Indian Ocean is triangular in shape, but the apex 
of the triangle is split in two by the peninsula of Hin- 
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dostan. Its total area is about 23,000,000 square miles. 
Of the Polar Oceans very little is known. The Arctic 
Ocean is supposed to have an area of 3,000,000 square 
miles. The greater portion of it is frozen for most part of 
the year, though it is not improbable. that there may be an 
open sea in the immediate neighbourhood of the pole. 

Depth. — It is to the officers of the American Navy, 
acting under the intelligent direction of the late Captain 
Maury, that we owe our first knowledge of the depths of 
the oceans, and of the nature of the ocean beds. The 
method of sounding adopted by the American Navy was as 
follows: A cannon-ball weighing thirty- two or sixty-eight 
pounds was attached to the end of a line as a plummet. The 
line was made of twine prepared for the purpose, carefully 
marked at every length of one hundred fathoms, and 
wound on reels of ten thousand fathoms each. The ball was 
dropped into the water, and the line allowed to run out 
freely. It was at first supposed that when the plummet 
reached the bottom, the twine would cease to run out, and 
the depth of the ocean could thus be ascertained. Some 
of the results obtained, however, were rather startling, and 
open to considerable doubt. Lieutenant Walsh reported 
a cast of 34,000 feet between the Bermudas and the Azores, 
without finding bottom. Captain Denham, an English 
officer, reported a depth of 46,000 feet off the mouth of 
the La Plata ; while Lieutenant Parker, of the American 
Navy, sounded with a line 50,000 feet long, near the same 
region, without finding bottom. When such depths as 
these were reported, it began to be suspected that the 
sounding-line had been carried away by under currents. 

After much care and thought, the law of descent was dis- 
covered. According to this law, the line, on being dragged 
down by the ball, runs out at a certain decreasing rate, 
owing to the constantly increasing density of the water. 
On the other hand, under-currents cause the line to run 
out at a uniform rate. It is evident, therefore, that by 
carefully noting the rate at which the line ran out, it might 
be ascertained when the ball had reached the bottom, for 
then the line would begin to run out at a uniform rate. 

K 
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This point being established, it was found tbat the depths 
quoted above were much too great, and that probably no 
part of the Atlantic exceeds 25,000 feet. 

A method having thus been established by means of 
which deep-sea soundings could be taken with a consider- 
able approach to accuracy, attention was next directed to 
devising some means of ascertaining the nature of the 
ocean-floor. It was found by experience that it was im- 
possible to raise the cannon-ball, after it had once reached 
the bottom, owing to the resistance of the water. Lieu- 
tenant Brooke, however, invented a beautiful contrivance 
by which the shot, on striking the bottom, would detach 
itself, leaving only an iron tube at the end of the line. 
At the extremity of this tube a little soap or tallow is 
fixed, or sometimes the barrel of a common quill is at- 
tached, and by this means specimens of the bottom of the 
ocean have been brought up from the depth of two or three 
miles. 

Telegraphic Plateau. — It was when the scientific in- 
vestigation of the ocean depths had reached this point that 
it was first proposed to establish telegraphic communication 
between Europe and America; and Captain Maury was 
able to inform the promoters of the Atlantic cable that a 
remarkable ridge or plateau extends across the ocean from 
Ireland to Newfoundland, a distance of 1640 miles, and 
that along this ridge the sea was probably nowhere more 
than 10,000 or 1 2,000 feet deep. It was from this plateau 
also that Brooke's apparatus brought up the first specimens 
from the bottom of the sea. These specimens looked like 
whitish clay, but on careful examination by the microscope 
they were found to consist mainly of perfect shells of 
minute Foraminifera. It was thought at first that these 
minute animals do not live at the bottom of the 
ocean, but inhabit the waters near the surface, and that 
when they die their shells settle to the bottom. It was 
therefore thought that if the telegraphic cable were once 
properly laid there would be nothing, either in the shape 
of ocean currents or perforating molluscs, to damage it. 
A better acquaintance with the ocean, however, has dis- 
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sipated tbis idea. It is now generally admitted that 
animal life exists at the greatest depths, and all submarine 
cables are now covered with a coating of pitch and tar 
mixed with flint-powder in order to resist the attacks of 
perforators. 

It was Dr Wallich, who accompanied Sir Leopold 
M'Clintock in his survey of the Noith Atlantic in 1860, 
that first drew attention to the enormous depths at which 
animal life could exist. With a dredge which he invented, 
a star-fish was brought up alive from a depth of 1260 
fathoms; and since then dredging has been successfully 
employed in the deepest part of the Atlantic. Ocean- 
sounding, therefore, has become as interesting to the 
naturalist as to the geographer, and the results obtained 
by the dredging carried on by the Lightning in 1868, and 
by the Porcupine in 1869 and 1870, were so interesting 
and valuable, that on the recommendation of the Royal 
Society, the English Government agreed to fit out an 
expedition for the thorough exploration of the great 
ocean basins. 

The Challenger, a frigate-built ship of about 1500 tons, 
with a staff of naval surveyors, and a body of scientific 
naturalists under the direction of Professor Wjrville 
Thomson, started from Portsmouth in December 1872. 
The vessel, which was admirably equipped, and supplied 
with all necessary instruments and apparatus, was placed 
under the command of Captain Nares, who, however, was 
recalled, when the ship had reached Hong Eong, to take 
charge of the Arctic expedition. On leaving England, 
the Challenger proceeded to Lisbon, Gibraltar, Madeira, 
and Teneriffe ; and then crossed the Atlantic to the West 
Indies. Between St Thomas Island and Bermuda, the 
sounding- line announced 3875 fathoms, the greatest depth 
yet obtained in the Atlantic. From Bermuda, the vessel 
went towards Halifax, in order to investigate the Gulf 
Stream and the Banks of Newfoundland. Then returning 
to Bermuda, it crossed to the Azores, and from thenee 
proceeded to the Cape de Verde Islands, when it again 
crossed the AtlanHc to Bahia, in Brazil. From Bahia it 
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proceeded to the Cape, calling on its way at the Bt 
group of Triatau D'Acunha. It thus completed the 1 
section of its voyage, having traversed nearly 20; 
miles. 

In December 1873, the vessel started from the Ci 
visited Kerguelen Island, and dipped within the Antar 
circle as far as she could with safety, considering her 
protected condition. She then proceeded to Austre 
Hew Zealand, and the Fiji group ; and then pass 
through Torres Straits and the Malay Archipelago, reac 
Hong Kong, having run a course of upwards of 17,' 
miles. The vessel left Hong Kong in January 1875 un 
command of Captain Thomson. It visited the Philipj 
Islands, New Guinea, and the Admiralty Islands, i 
then Btuled almost due north to Japan. It was in t 
part of the cruise, in lat. 11° 2i' north, and long. 143° 
east, that the sounding'lioe indicated a depth of i: 
fathoms, the greatest yet ascertained with any degree 
certainty. The Challenger proceeded from Japan to 
Sandwich Islands, thence to Tahiti ; and then crossin| 
Valparaiso, completed the third section of the cm 
about 20,000 miles. The ship left Valparaiso in Dccem 
1875, E»iled through Magellan's Straits, and called at 
Falkland Group. Then once more crossing the Atlan 
she reached England on 24th May 1876. 

In the course of its long cruise, the Challenger fi: 
upon certain stations where the depth of the ocean i 
carefully sounded, the temperature of the water at varii 
depths taken, and the natural history of the locality asc 
tained by means of the trawl or dredge. There were 1 
such stations in the Atlantic, and 100 in the Pacific. 1 
sounding-line was marked at every 25 fathoms, and 
weights attached were one cwt. each : generally one si 
weight was allowed for every estimated depth of 1( 
fathoms. A separate line was used for ascertaining 
temperature of the water at various depths. A weight 
50 lbs. was used as a sinker, and thermometers fixed 
regular intervals. At first, the temperature was taken 
a depth of 1500 fathoms only, at every 10 fathoms do 
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to 200, and then at intervals of every 100 fatlionis. 
Later in the voyage, temperatures were taken from the 
surface to the bottom whatever was the depth. An 
apparatus was also employed for bringing up specimens of 
the water from the bottom. Some of the main results of 
the voyage may be briefly summarized. 

The average depth of the ocean appears to be about 
2000 fathoms, or between that and 2500 fathoms. The bed 
of the ocean is to a certain degree comparable with the 
surface of land, and has its hills, valleys, and plains. It 
has various soils, or oceanic deposits, and various climates ; 
and its inhabitants depend ^' upon the conditions of climate, 
and upon the nature of the soil for their distribution." 
The bottom of the Atlantic seems to be divided into two 
great longitudinal valleys by a ridge which runs from 
Greenland to Tristan D'Acunha, and probably beyond it. 
The central ridge, called the Dolphin Etse, seems to have 
a singular uniformity of height, having only 1600 fathoms 
of water on its crest from the Azores to the latitude of the 
Hebrides, where it rises gradually, and culminates above 
water with the volcano of Hecla in Iceland. The eastern 
valley may be traced from the latitude of the Faroe islands 
into the South Atlantic, and has an average depth of from 
2000 to 3000 fathoms. The western valley has been 
traced north as far as Greenland, whence it bifurcates — 
one branch proceeding up Baflfiu's Bay. The western 
valley widens considerably in the neighbourhood of the 
Bermudas, which form but the summit of a submarine 
mountain. South of these islands the valley reaches the 
depth of 3875 fathoms. 

The white Glohigerina ooze, which is so abundant in the 
North Atlantic, is not found, it appears, at a greater depth 
than 2500 fathoms, but its place is then supplied by a red 
clay, the silicate of alumina and iron, the origin of which 
is somewhat obscure. Over a large extent of the Pacific, 
and particularly in the North Pacific, there is another red 
clay filled with nodules, which vary in size from a grain of 
sago to a large orange, and composed of nearly pure oxide 
of manganese. In the Southern Ocean, where the depth is 
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not so great as in the Pacific or Atlantic, there is a white 
deposit, composed of silica derived from the siliceous 
coverings of minute plants which live on the surface of the 
water. Lastly, at great depths, and therefore only found 
in patches at the bottom of the sea, the Radiolarian ooze 
is met with. The Radiolarians resemble the Globigerina, 
but instead of calcareous shells they have siliceous shells ; 
and while the Globigerina appear to live mainly on the 
surface, or a little below it, the number of Radiolarians live 
all through the sea and to its greatest depths. 

The Challenger only skirted the southern part of the 
Indian Ocean; but careful soundings have been taken in 
connection with submarine telegraphy, and it appears that 
in the Arabian Sea the depth nowhere exceeds 2200 
fathoms, and there is a soft muddy bottom. In the Bay 
of Bengal the greatest depth is about the same, with a 
similar bottom of ooze and clay. In the Straits of Malacca 
the depth is about 30 or 40 fathoms. 

The pressure of the water at the bottom of the ocean 
must be very great. At the depth of 1000 fathoms it is 
equal to a ton upon a square inch, and must increase in 
proportion as the depth increases. How it is possible for 
animals of delicate organization to bear this pressure is 
almost inconceivable. Still more difficult is it to under- 
stand whence they derive food and light. That light does 
penetrate to a much greater depth than is generally be- 
lieved, is evident. For during the cruise of the Porcupine 
in 1870, a kind of cuttle-fish, which only inhabits the 
bottom of the sea, was brought up from a depth of between 
700 and 800 fathoms, and was furnished with eyes as 
perfect as those of most fishes, and superior to the eyes of 
some. Certain mollusca found at depths of 1500 fathoms 
had also conspicuous eyes ; and, as has been truly remarked, 
" there can be no question that those eyes were given for 
the purpose of finding food and avoiding danger." 

The Colour of the open sea is a deep blue, passing into 
a green as the water becomes shallower. It is probable 
that blue is the natural colour of pure water, but this hue 
is modified sometimes by particles of matter held in solu- 
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tion, and sometimes by the nature of the bed. The depth 
of the blue in the water of the ocean seems to depend upon 
the quantity of salt it contains. Hence the deep azure of 
the Mediterranean, and the indigo hue of the Gulf Stream 
and the trade-wind region. The light-green, or olive 
colour, of the waters of the Polar Ocean may be partly 
owing, on the other hand, to the less proportion of salt in 
them. In the Red Sea, the Vermilion Sea, and off the 
mouth of the La Plata, the water is coloured by the 
infusoria it contains. The sea is white in the Gulf of 
Guinea, dark purple in the Black Sea, green in the 
Persian Gulf, and yellow on the coast of China. The waters 
of the Yellow Sea are discoloured by the mud brought 
down by the great Chinese rivers. What causes the black 
or intensely dark purple of the Black Sea is not known. 
The colour of clear shallow water depends upon the 
bottom ; over white sand it is green ; brown or black over 
a dark ground ; and gray over mud. 

Salts. — ^The bitter taste of sea- water is owing to the salt 
and other mineral ingredients which it contains. It has 
been estimated that the solid matter held in solution by 
sea- water is three and a half per cent, of its weight, or, 
more accurately, 34*4 parts in a thousand. Of this per- 
centage about 24 parts are chloride of sodium or common 
salt, about 4 parts are chloride of magnesium, an equal 
quantity is sulphate of soda, one part in a thousand is 
carbonate of lime, and only *25, or one part in four thou- 
sand, is silica. Besides those principal constituents, there 
are above twenty other elementary substances found to a 
less extent. It seems very probable that the protozoa or 
small microscopic animals which cover the floor of the ocean- 
beds, in most parts in vast continuous sheets, derive from 
the water in which they live not only the carbonate of 
lime, out of which their shells are made, but also the food 
which forms and nourishes the soft jelly of their bodies. 
The mineral matter absorbed from sea- water by the count- 
less inhabitants of the ocean, in order to build up their 
skeletons and coverings, is returned to the sea in the 
^olid matter carried down by the rivers. This is another 
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example of that ceaseless change in nature, and of that 
endless cycle of waste and supply, which we so often meet 
with in the study of Physical Geography. 

The constituents of sea- water are everywhere the same, 
but the amount of these constituents varies occasionally from 
local causes, especially evaporation. The proportion of 
salt is smaller in the Polar oceans, owing to tiie melting of 
the ice in certain seasons; on the other hand, the trade- 
wind region is above the average in saltness, owing to 
excessive evaporation. The water in the Southern Ocean, 
for the same reason, is more salt than that in the Northern. 
The Pacific is less salt than the Atlantic. This may pro- 
bably be owing to the fact that there are less rivers to 
supply the solid matter extracted by the fishes and corals 
which abound in its waters. The water of the Baltic is 
only brackish ; this is doubtless owing to its shallowness, 
and to the large quantity of fresh water which is poured 
into it. The Mediterranean and Red Sea, on the other 
hand, owing to excessive evaporation, are of greater 
specific gravity than any part of the open ocean. 

Temperatnre. — From the investigations of the Chal- 
lenger, it appears that the surface temperature of the water 
in the different oceans depends upon the heat of the sun 
and the prevailing currents, and that these affect it more 
or less until we reach a depth of 500 fathoms. A very 
general temperature for this depth is 45^ From this point 
downward the temperature continues to fall, but very slowly 
and gradually, almost to the freezing point ; and in one or 
two places, both in the Pacific and the Atlantic, it was even 
below the freezing point. Sir Charles Wyville Thomson 
accounts for this mass of cold water by supposing that there 
is a movement northward of cold water from the Southern 
Ocean ; and he accounts for this movement by the fact that 
while in the North Atlantic and over the northern hemi- 
sphere generally there is a gi'eater amount of evaporation 
than precipitation, in the huge band of low barometric 
pressure round the South Pole the precipitation is in excess 
of evaporation. The increased pressure in the Antarctic 
Ocean, therefore, causes the water to move northward. 
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Currents. — Great diflferenees of opinion have existed 
at different times with respect to the cause of oceanic 
currents. Some eminent geographers attribute them 
solely to the influence of prevailing winds, while others 
trace their origin to the disturbance of equilibrium caused 
by the heat of the tropics. Doubtless both these causes 
operate. The permanent and periodical winds, blowing 
for a long period in the same direction, must have 
some effect upon the waters over which they pass, and 
currents of greater or less depth will result. On the 
other hand, were there no winds whatever, there might 
still be oceanic currents. In fact, the same cause — the 
heat of the sun — which produces winds, tends also to 
produce oceanic currents. The waters within the tropics 
being greatly heated, two things result in consequence. 
In the flrst place, the tropical waters are expanded, and 
consequently become lighter ; secondly, considerable eva- 
poration takes place. To supply the vacuum thus caused, 
and, at the same time, to restore equilibrium, cold currents 
will flow in from the north and south. These polar cur- 
rents will necessitate return currents, and all will be 
affected by the rotation of the earth. Thus, as with the 
winds, we might expect a cold current from either pole, 
an equatorial current, and return currents to the poles; 
and the fact that the currents coincide in many instances 
with the direction of the winds ought not to blind us to 
their independent origin. 

There is another way in which the equilibrium of the 
waters of the ocean is disturbed which ought not to be 
overlooked. When evaporation takes place to a con- 
siderable extent, the water left behind is more salt, and 
therefore sinks; and this downward motion produces a 
circulation. This is well illustrated in the case of the 
Mediterranean. It has now been conclusively proved 
that a surface current flows from the Atlantic through 
the Straits of Gibraltar, eastward ; and that beneath this 
there is another current, containing a larger percentage of 
salt, which sets westward. The following explanation has 
been given by Dr Carpenter, and is substantially the same 
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as that proposed by Captain Maury in his Physical 
Geography of the Sea : — 

" As the surface level would be lowered by the excess 
of evaporation, it can only be maintained by an inflow. 
But, on the other hand, the maintenance of the level 
whilst the density of the Mediterranean water is in ex- 
cess disturbs the equilibrium between the columns of 
water at the two extremities of the Strait, the heavier 
water of the Mediterranean overbalancing the lighter 
water of the Atlantic ; and thus a portion of the former 
is fbrced outwards as an under-current, thus again produc- 
ing a depression of the level, to be restored by a surface 
inflow from the Atlantic. Now, since the Atlantic water 
which enters the Mediterranean is in its turn subjected to 
loss by evaporation and consequent increase of density, the 
excess on the Mediterranean side is constantly kept up ; 
whilst, on the other hand, in consequence of the vastness 
of the mass of water in the Atlantic basin, and the dilution 
it receives elsewhere, the discharge of the heavier water of 
the Mediterranean produces no perceptible increase in its 
specific gravity. And thus, as the lowering of the level 
and the disturbance of equilibrium are being constantly 
reproduced, the superficial inflow and the deep om^ow 
will be as constantly maintained by the force of gravity." 
(Proceedings of the Royal Ghographical Society,) 

In the Red Sea there are similar currents, owing to the 
same cause — excessive evaporation. In the Baltic, on the 
other hand, the ow^ow is on the surface. Owing to 'the 
quantity of fresh water which it receives from the numerous 
rivers which discharge into it, its waters are less dense than 
those of the Atlantic, and there is an outward current 
through the Sound, the Great Belt, and Little Belt into 
the German Ocean; and there is a return under-current 
of Salter water from the German Ocean. 

It appears therefore that in the difference of density 
caused either by difference of temperature, or difference 
in amount of salinity, we have a power sufficient to 
cause a circulation in the waters of the ocean, quite 
independent of the agency of the winds, though doubf-' 
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less the winds assist this circulatioD, and, in some cases, 
give rise to drift currents. 

Dr Carpenter, who believes that the general oceanic cir- 
culation depends upon differences of temperature, lays more 
stress upon the effect produced by polar cold than that by 
tropical heat. The effect of the surface heat upon the 
waters of the tropical basin, he contends, will be for the 
most part limited to its uppermost stratum ; while the effect 
of surface cold upon the waters of the polar basin will be 
to reduce the temperature of the whole mass. The surface 
stratum will sink as it is cooled, in virtue of its diminished 
bulk and increased density, and will be replaced by water 
not yet cooled to the same degree. Thus, a circulation 
between the tropics and the poles is commenced, the cold 
current being an under-current, the warmer current being 
on the surface. 

This theory seems borne out by the fact that, during the 
cruise of the Lightning in 1869, distinct evidence was col- 
lected of the existence of cold under-eurrents proceeding 
from the north. On the other hand, the theory fails to 
explain the existence of the cOld surface-currents which 
are met with in the North Atlantic and in other parts. 
These seem to imply that the disturbance takes place at 
the tropics, and that these polar currents move towards 
the equator to restore equilibrium. At first they appear 
as suiface-currents, but on meeting with water of higher 
temperature, and therefore less density, they become under- 
currents. The truth seems to be that both causes — ^polar 
cold and tropical heat — are operative at the same time in 
producing a circulation. 

We have endeavoured thus generally to explain the cause 
of oceanic currents ; we next proceed to describe them in 
detail. It is evident, however, that they will be much 
more affected by the distribution of land than winds are, 
but still we shall be able to trace their normal character. 

Commencing with the Pacific Ocean, we find that in the 
great southern basin various cold currents flow from the 
Antarctic region northward. One of these washes the 
southern coast of Australia, another reaches Cape Horn, 
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where it then splits, one branch flowing round the Cape 
to the east, while the other proceeds up the western coast 
of South America, and at length mingles its waters with the 
great equatorial current. The current which washes the 
west coast of South America has by some been named after 
Humboldt; it is also known as the Chili and Peruvian 
current. It is much colder than the waters of the neigh- 
bouring ocean, and off Lima the difference in temperature 
is said to amount to twenty degrees Fahr. The equatorial 
current sweeps across the Pacific with a speed ranging from 
thirty to thirty-five miles a day, and extends in a broad 
belt on each side of the equator with a breadth of about 
fifty degrees. 

On reaching the chain of islands which stretches between 
Asia and Australia, the equatorial current is broken up into 
several channels, and struggles through into the Indian 
Ocean. In the northern part of this ocean the current is 
regulated by the monsoons, but a portion continues its 
course to the west and strikes upon the island of Madagas- 
car. Here it divides, one branch rounding the northern 
extremity and flowing south through the Mozambique 
Channel, the other flowing south-west towards the Cape 
of Good Hope. Off the Cape a large sandbank — ^the 
Agulhas bank — ^has been formed, stretching more than 
600 miles from east to west, with an average breadth of 
100 miles. Between this bank and the mainland the Cape 
current flows, and on entering the Atlantic it is met by 
another current which sets in from the north-west. It 
therefore divides : a part returns with the Atlantic current 
into the Indian Ocean, while the other part flows north- 
west along the western coast of Africa, and joins the great 
equatorial current of the Atlantic. 

The Atlantic equatorial current flows from the Gulf of 
Guinea across to the continent of South America, which it 
reaches in the neighbourhood of Cape Boque. Here, owing 
to the direction of the coast, it divides into two branches : 
one turns southward along the coast of Brazil, while the 
other follows the north coast of South America, and having 
passed the shores of Guiana enters the Caribbean Sea. A 
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branch of the Brazil current, probably aided by the return 
winds, flows south-east, and, under the name of south 
connecting current, re-enters the Indian Ocean; while 
another branch, as we have already noticed, meets the 
Cape current on its entrance into the Atlantic. The 
Guiana current, after passing round the Caribbean Sea, 
follows the shores of the Gulf of Mexico, and emerges 
through the narrows of Bemini under the name of the 
Gulf Stream. 

The Onlf Stream can be easily distinguished from the 
waters of the surrounding ocean by its deep indigo colour, 
its high temperature, and its speed. These characteristics 
are doubtless owing to its waters having made the circuit 
of the Gulf of Mexico under a tropical sun, and to the 
outlet being comparatively narrow. The breadth of the 
current in the narrows is about thirty-two miles, and its 
velocity from two to four miles an hour. Its depth is very 
considerable, as there is little change of temperature at a 
depth of 3000 ft. Its surface temperature in the Strait of 
Florida is from 80** to 84**, according to the season. On 
emerging from the Gulf the warm waters gradually rise 
and spread themselves over the surface. Off Cape Hatteras 
the breadth of the current is more than twice the width in 
the narrows, and as it proceeds in its north-easterly course 
it widens very considerably, it becomes much more shal- 
low, and its speed in the latitude of New York is not more 
than one mile per hour. 

South of Newfoundland the Oulf Stream loses all its 
special characteristics as to warmth, colour, and flow, and 
it dies away into the sluggish Atlantic drift that sets in an 
easterly direction. The southern part of this drift reaches 
the Azores, and then, turning southward, finally mingles 
with the equatorial current in the Gulf of Guinea. The 
northern portion, sometimes called the Prolongation of the 
Gulf Stream, bathes the shores of the British Islands, pro- 
ceeds along the coast of Norway and to the eastward of 
Spitzbergen, and finally mingles with the waters of the 
Arctic Ocean. 

It would appear then from what has been said that if the 
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equatorial current of the Atlantic had a free passage into 
the Pacific, there would be no Gulf Stream ; and that as 
it is, the Gulf Stream, properly so called, ends in the 
latitude of Newfoundland. The sluggish drift-current 
which still proceeds to the north-east is the natural flow 
of the warmer waters to the polar basin, and would exist 
were there no Gulf Stream whatever, though it is quite 
possible that the Gulf Stream may add increased vigour 
and increased temperature to this northern flow. 

Two important polar currents traverse the northern part 
of the Atlantic : one flows along the east coast of Green- 
land, and the other down Baffin's Bay and Davis Strait. 
They meet south of Cape Farewell, and the united stream 
washes the coast of Newfoundland, and is felt as far south 
as New York. The water of this current, being cold and 
heavy, gradually sinks as it moves southward, and con- 
tinues as an under-current. Thus it is that huge icebergs 
are sometimes carried as far south as the 40th parallel. The 
first meeting of the tropical and polar waters in the neigh- 
bourhood of Newfoundland is curious ; the struggle between 
the two is so strongly marked that the interlacing of the 
warm and cold waters, as shown by the thermometer, has 
been compared to the clasped fingers of the hands. Further 
south, where the Gulf Stream is stronger, the division be- 
tween its tepid waters and the cold current flowing on its 
western side is well marked. 0£f the coast of Massachusetts 
the line of separation has been termed the " Cold Wall," so 
nearly perpendicular, and well marked to great depths, is 
the division. 

The Pacific Oulf Stream. — A warm current which 
bathes the east coast of Asia resembles, in its character 
and direction, the Gulf Stream of the Atlantic. It flows 
from the Indian Ocean through the Straits of Malacca, 
turns to the north-east between Borneo and the coast of 
China, and, being joined by a part of the great equatorial 
current of the Pacific, flows northward along the east coast 
of Japan, and enters the Sea of Kamtchatka. A branch of 
the current now passes through Behring Strait into the Arctic 
Ocean ; but the greater portion of it sweeps past the Aleu- 
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tian Islands, and down tlie west coast of North America. 
By the time the current has reached California, in its 
progress to the south, it has lost much of its warmth, and 
gives a refreshing coolness to the sea-breezes of that coast 
in summer time. 

As Behring Strait is too shallow to admit of under- 
currents, there is no cold current through it corresponding 
to the current on the east coast- of Greenland ; but the 
current which flows down Davis Strait has its counterpart 
in a cold current from the Sea of Okhotsk, which washes 
the west side of the Japan Islands, and flows southward 
along the coast of China. 

A glance at the map will show that the surface currents 
of the ocean have a tendency to flow in curves enclosing 
a space of still water. We have an example of this in the 
Sargasso Sea of the North Atlantic, lying between the Gulf 
Stream and the equatorial current. It covers a space as 
large as the basin of the Mississippi, and is so thickly 
matted with sea-weed of a brownish or olive colour as 
almost to present the appearance of a meadow. In the 
South Atlantic there is a smaller but well defined Sargasso. 
Another exists in the North Pacific, between the SOth and 
40th parallels, and a fourth in the Indian Ocean. 

Open Polar Sea. — There has long been an opinion 
among geographers that an open sea exists in the neigh- 
bourhood of the 'North Pole. This was reported to 
Chevalier Giesecke by the natives of Greenland as far 
back as 1806, and since then many observations have 
been made which tend to strengthen the idea. Whales 
have been caught in the Pacific near Behring Sjxait with 
harpoons in them bearing the stamp of ships which were 
cruising not long before in Baffin's Bay, and they could 
not have passed under the ice of the Arctic Sea, unless 
there had been spaces for them to come up and breathe. 
Again, it is well known that a current nas sometimes 
been noticed flowing through Davis Strait towards the 
north ; for large icebergs have been seen drifting towards 
the Arctic Ocean in opposition to the surface current flowing 
in the contrary direction. Now this imder-current, coming 
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from the south, must be a warm current, and has probably 
been rendered dense by excess of salt. And it is argued 
that there must be some place where this current comes 
to the surface, and, wherever this may be, the climate will 
be mitigated by the genial waters. Finally, Dr Kane pro- 
fesses to have actually reached the shores of this open sea. 
He and his party, having crossed a barrier of ice eighty or 
a hundred miles in breadth, reached open water north of 
the parallel of 82**. As far as the eye could reach there 
was a sheet of water, the waves of which dashed upon the 
beach. The water had a temperature of 36** ; water-fowl 
were plentiful, and seals sporting about. 

In the opinion of many the last English Arctic expedi« 
tion has dispelled the notion of an open Polar Sea. Captain 
(now Sir George) Nares, after advancing in the Alert 
beyond the 82d parallel, found himself on the borders of 
an ocean packed with ice of extraordinary character, 
resembling rather floating icebergs than frozen sea-water, 
and some of it being about 100 feet in thickness. Over 
this rough ice Commander Markham tried to make his way 
to the North Pole. But a road had to be cut by pick-axes 
before the sledges could be dragged along, and after 
advancing to lat. 83** 20' 26^ the gallant explorers had to 
give up the attempt. This immense thickness of ice, 
however, breaks up on the return of summer, and here and 
there tempting channels of open water may be seen, which 
would probably prove fatal to a vessel, as the ice shifts 
about so suddenly. A small portion of this ice is drifted 
down Kennedy Channel and Smith Sound, still more 
escapes by way of Greenland and Spitzbergen ; but as the 
Arctic Ocean is to a great extent land-locked, a small 
portion only of the whole can escape before the winter again 
sets in. Sir George Nares is of opinion that some of the ice 
which he saw was at least one hundred years old, that the 
sea is never free from it, and that therefore an open Polar 
Sea is a myth. Others, however, believe that in favourable 
seasons the ice may all escape and leave the way to the Pole 
clear. 

Waves. — The tides and oceanic currents keep the waters 
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of the ocean in ceaseless motion. The surface is also acted 
upon by the winds, and waves are produced. Wind- waves 
are caused by the friction of currents of air. If the motion 
of the wind be parallel to the surface of the water there 
will be little or no friction, and the water will be smooth 
and placid; but if the wind be inclined at however slight 
an angle, there will be a ripple. The friction raises a 
minute wave, the elevation of which protects the water 
beyond it, and the wind consequently impinges on the 
surface a little distance beyond. As the wind continues 
these waves increase in number and magnitude ; the agi- 
tation sinks deeper and deeper, the waves rise higher and 
higher, until at length the crest of the billows, impelled 
beyond the peipendicular, falls in wreaths of foam. The 
highest waves known occur during a north-west gale off 
the Cape of Good Hope. They do not, however, measured 
from the crest to the trough, exceed forty feet When 
great waves reach the shore in shoal water, they increase 
in height, but diminish in breadth, and finally break with 
great violence upon the shore. 

It is supposed that the largest storm-waves do not 
disturb the water to a greater depth than 300 ft. In a 
tidal wave, on the other hand, the whole body of the 
water is disturbed, and this is also the case very often in 
the agitation caused by earthquakes. The undulation 
known as a "ground swell" occurs after a heavy gale. 
The deep heaving of the waters after a storm is trans- 
mitted rapidly through the ocean to regions far beyond the 
direct influence of the gale, and it continues to heave the 
smooth glassy surface of the deep long after the winds 
and waves are at rest, terminating only when the undu- 
lation is stopped and thrown- back by the resistance of the 
land. 

Anything that diminishes the friction of the wind 
smooths the surface of the sea, — oil, for example, or a 
small stream of packed ice. When the air is moist its 
attraction for water is diminished, and so^ consequently, 
is the friction. Hence the sea is not so rough in rainy as 
in dry weather. 

s 
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CHAPTER XX. 

Climate and Weather. 

Climate is a word easier to understand than to define ; 
it includes not only temperature, but also the direction and 
force of the winds, the moisture contained in the air, and, 
in short, everything which affects the weather ; thus the 
climate of a place may be warm or cold, dry or humid, 
equable or variable, mild or excessive. One of the chief ele- 
ments in the climate of any place is, of course, temperature, 
and this is ascertained by means of a thermometer. There 
are two thermometers in general use in this country — that 
of Fahrenheit, and the one termed the Centigrade ther- 
mometer. In the former, which is the one more commonly 
used, the temperature of boiling water is 212'', and the 
freezing point is 32^ In the Centigrade thermometer, 
the freezing point is 0°, or zero, while the boiling point is 
100^ 

The earth has two separate sources of heat ; one from 
its own internal fires, the other from the sun. To what 
extent the former affects the general temperature of the 
earth is not known, but it can hardly be appreciable. We 
may therefore be said to depend solely upon the sun for 
heat as well as light. The temperature of the atmosphere 
is not much affected by the direct influence of the solar 
rays : the air is warmed chiefly by contact with the earth's 
surface. The amount of heat which the earth receives 
depends upon the angle at which the solar rays stnke its 
surface ; the more nearly they approach the perpendicular 
the greater is the amount of heat. Hence it follows that, 
as a general rule, the countries within the tropics have a 
higher temperature than those nearer the poles ; and the 
inclination of the earth's axis, to which we owe the seasons, 
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does not destroy this diversity of temperature, but rather 
increases it. 

Old geographers were accustomed to represent the dis- 
tribution of temperature upon the earth's surface by 
dividing it into five zones. The belt between the tropics 
was called the torrid zone ; the districts round either pole, 
that is, within the arctic and antarctic circles respectively, 
were termed the frigid zones ; while the broad belts be- 
tween the torrid zone and the polar circles were called 
temperate zones. These great divisions give a good 
general idea of the distribution of temperature upon the 
globe, but when we descend to details they are found 
defective. Were the earth a perfect sphere, entirely 
covered with land, and with no inequalities upon its sur- 
face, the temperature of any locality would be accurately 
indicated by its latitude, but practically it is found that 
latitude alone is far from being a sure index of the tem- 
perature. The hottest tract upon the globe is a district 
lying between the 15th and the 30th parallels of north lati- 
tude, and extending from the centre of the Sahara to the 
shores of the Persian Gulf. The coldest tract is said to 
extend along the middle and lower course of the Lena, 
where, in January, the average temperature is 40** below 
zero, or 72° below the freezing point. It is plain, there- 
fore, that there are other causes affecting temperature 
besides position with respect to the equator. Some of 
these causes we shall now briefly notice, and in doing so 
shall include influences which affect climate generally. 

Surface, — ^The temperature of a country is affected both 
by the nature and elevation of its surface. The atmos- 
phere derives most of its warmth from the heat reflected 
from the earth. Now, some surfaces reflect heat more 
readily than others ; land radiates heat more quickly than 
water; white surfaces reflect the heat, while dark ones 
absorb it. Hence arises the great heat of the deserts of 
Africa and Arabia. On the other hand, forests and marsh 
lands absorb the sun's rays and reduce the temperature. 
It is estimated that the average annual temperature of 
England is two degrees wanner than it was a century 



272 t»HYSICAL OEOGRAI^nV. 

since, owing to the drainage and cultivation of the land. 
We have already noticed the effect which elevation has 
upon temperature. An elevation of about 300 feet makes 
a difference in temperature of 1° Fahr. Now, as this is 
about the same difference as would be felt in moving one 
degree nearer the pole, we can understand that, in ascend- 
ing some of the high mountain-chains within the tropics, 
we may, in passing from the hot plains at the base to the 
snow which constantly rests on the summit, pass through 
the same gradations in temperature as we should in 
travelling from the equator to the poles. In South America 
we find flourishing towns and cities on the summit of the 
Andes. In India, again, sanitariums are established in 
the elevated regions of the Himalayas and Neilgherries, 
and by ascending 2000 or 3000 feet, Europeans can find 
a temperate climate to recruit their health, which has been 
broken by a residence in the hot burning plains. 

Presence of Large Bodies of Water, — ^The solar rays 
penetrate to a greater depth into the sea than into the land, 
hence water has a greater capacity for heat It is not so 
soon raised to a given temperature as land, but being once 
warmed, it parts less readily with its heat. Thus it is 
that we find that the sea has not such a high temperature 
as land in summer, nor does it fall so low in winter. And 
those countries which, owing to a large extent of coast, 
are much influenced by water, partake of its equable char- 
acter. Hence we may account for the mild climate of the 
British Islands compared with the extreme climates of 
countries removed from the sea. Thus Penzance, in 
Cornwall, and Barnaul, on the river Obi, in Siberia, are 
nearly upon the same parallel of latitude^ and have both 
nearly the same average summer temperature. But while 
the difference between the mean temperature of summer 
and winter is only about 16'' at Penzance, at Barnaul it is 
above bd"". The influence of the sea upon climate is 
strikingly seen when we compare the high latitudes of the 
northern and southern hemispheres. In consequence of the 
vast extent of ocean in the south, the air is so mild and 
moist that a rich vegetation covers the ground, while in 
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the corresponding latitudes of the northern hemisphere the 
country is barren. 

As evaporation is more abundant from the surface of 
water than from land, another consequence of the presence 
of masses of water is that the climate of maritime countries 
is more humid than in countries further inland ; and the 
moisture of the atmosphere is shown in the luxuriant 
verdure of the countries. From this cause Ireland gains 
its title of " Emerald Isle ; " and if we turn to the other 
side of the globe, we find that New Zealand can boast of 
the same bright verdure and luxuriance of vegetation. 

Currents of the Ocean. — It is generally said that the 
west of Europe owes its comparatively high temperature 
to the Gulf Stream. Of late years some writers have 
begun to doubt whether the influence of this current is so 
great as is generally assigned to it. It may be true that 
the Gulf Stream, properly so called, does not exist farther 
north than the latitude of Newfoundland ; still there is a 
movement of warm water from south to north far beyond 
this, whatever name we may give to it, and this certainly 
has a considerable effect upon the climate of Western 
Europe. Besides, the Gulf Stream itself, by warming 
the winds which sweep over it, conveys indirectly a 
large supply of heat to the British Islands and countries 
lying to the north. The coast of the United States, on the 
other hand, is abnormally low, owing to the cold current 
which washes its shores. In the northern continents the 
west coasts are much warmer than the east coasts ; this 
is just the reverse in the southern continents of Africa and 
South America, and the difference is mainly due to the 
oceanic currents. South America is bathed on its western 
side by a cold polar current, while its eastern shore is 
washed by a branch of the equatorial current. The east 
coast of Africa, again, is warmed by a branch of the 
equatorial current of the Indian Ocean, and, as it has to 
round the Cape before reaching the west coast, it has lost 
something of its temperature before reaching ihe Atlantic. 

Winds. — Perhaps there is no agency so powerful to 
modify climate as the prevailing winds. We find in 
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England that very often the prevalence of easterly winds 
will continue the frosts of winter into the months of 
spring, and 

'* Winter lingering chills the lap of May," 

And again, if the wind veers round to the west, the ther- 
mometer instantly rises, and the heat becomes oppressive. 
The reason of this has been already explained. The winds 
which prevail in temperate regions are generally either 
from the north-east or south-west. If the former, they 
bring the cold of high latitudes ; if the latter, they convey 
some portion of the heat of the tropics. But there is 
another reason why west winds should be warm winds; 
they, as we have seen before, are the rain- winds of tem- 
perate regions, and whenever rain is deposited, a quantity 
of heat is given out. Water requires a certain amount of 
heat to change it into vapour, and this heat becomes 
latent ; when, however, the vapour is again condensed, the 
heat is given out. Thus, the great amount of evaporation 
which is constantly taking place within the tropics tends 
to reduce the normal temperature of those parts, and the 
rains which fall in temperate and cold regions tend to 
raise the temperature. It is owing to this cause that the 
shores of Norway and the north-west coast of North 
America have a much higher temperature than we should 
at first suppose. 

We have thus seen the important influence which the 
distribution of land and water, and the direction of the 
winds and oceanic currents, have upon climate ; and we 
can understand how a different distribution of land might 
materially change the general character of the climate of 
the globe. We might conceive the present continents so 
arranged that all would have a warm and genial climate, 
or, on the other hand, were they grouped round the north 
and south poles, the climate would be cold and severe. 
Again, we can see the immense difference in the amount of 
habitable surface it would make were the lofty plateaux and 
mountain-chains of low latitudes transferred to the frigid 
zone. These may appear useless speculations, but it is 
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quite possible that in past geological ages some such 
changes as we have glanced at may have taken place, and 
at any rate it teaches us how intimate are the relations 
between one part of nature and another, and that her 
various operations are not the result of blind chance. 

The influence of the various modifying causes upon the 
normal temperature of the globe is clearly illustrated by 
the Isothermal lines j or lines of equal heat, which may be 
seen in any atlas of Physical Geography. These lines are 
drawn through places which have the same mean annual 
temperature, and it will be seen that, in high latitudes 
especially, they diverge very much from the parallels. It 
should be borne in mind, however, that " in drawing these 
lines to represent the general yearly temperature of the 
different zones of the globe, the temperatures observed at 
higher, stations are reduced to what they would be if the 
place were at the level of the sea, by adding 1** for every 
300 feet of elevation ; and, consequently, in determining 
the yearly temperature of an elevated district from the 
isotherms, this correction must be deducted from the tem- 
perature shown by the lines which cross it. The lines on 
the map are drawn, then, as if all the points through which 
they pass were at the level of the sea." (Keith Johnston.) 

Commencing with the tropics, we notice two isotherms, 
north and south of the equator respectively, which denote 
a mean annual temperature of 80°. One begins in the 
Pacific almost coincident with the line ; it bends to the 
north as it approaches the continent of America, passes 
through Centrsd America and the West India Islands, and 
then, bending south, sweeps across the Atlantic. Striking 
upon the coast of Guinea, it bends northward to the dis- 
trict of greatest heat, and is continued through the great 
plain of Hindostan; then, again, bending southward through 
Further India, it once more approaches the equator in the 
Pacific. The other isotherm begins in the Pacific 15** south 
of the equator, it rises as it approaches the shores of South 
America, and then makes a sharp bend to the south until 
it almost reaches Rio Janeiro. In crossing the Atlantic it 
agahi bends northward and reaches the coast of Africa a 
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little south of the line ; it bends again to the south in 
crossing the continent, touches the northern extremity of 
Madagascar, crosses the Indian Ocean, and is continued 
through the isles of the Eastern Archipelago into the 
Pacific. The main fact brought out by the flexures of 
these two lines is, that within the tropics the presence of 
large masses of land increases the heat. 

It will not be necessary to notice all the isotherms on the 
map, but one or two are instructive. The isotherm of 60*, 
in the southern hemisphere, may be easily remembered as 
it passes through Buenos Ayres, Cape Town, and Mel- 
bourne ; and the great curve in the Atlantic shows that 
the southern part of that ocean is of a lower temperature 
than corresponding latitudes in the Indian Ocean or the 
Pacific. The isotherm of 60** in the northern hemisphere 
is an important one. It begins in the Pacific about the 
parallel of 45*, rises as it approaches the continent of 
America, passes through Vancouver's Island, and then 
turning south-east reaches New York. The influence of 
the Gulf Stream and the south-west winds now carry the 
line almost to the north of Ireland ; it then turns slightly 
to the south-east, passing through Dublin, London, 
Brussels, and Vienna, and is continued through the 
Crimea into Asia, which it crosses almost in a straight 
line, still inclining a little to the south. The points estab- 
lished by this isotherm are these : that, in these latitudes, 
the sea is much warmer than the land; that the west 
coasts are warmer than* the east coasts; and that the 
Atlantic has a higher temperature than the Pacific. These 
points are f^till further illustrated by the isothermal of 40* 
in the northern hemisphere. It commences on the west 
coast of America about the parallel of 60*; it then gradu- 
ally bends southward, passing through Lake Superior and 
the town of Quebec. On entering the Atlantic the 
influence of the northward flow of ws^rm water in that ocean 
is at once apparent ; from the neighbourhood of St John's 
in Newfoundland the isothenn proceeds northward through 
Iceland into the Arctic Ocean. It then again bends south, 
passes through Drontheim and Moscow, and, crossing th^ 
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Ural river, proceeds in a straight line across tbe continent 
of Asia. It touches the Araoor at the junction of the 
Songari, bisects the island of Saghalien, and turns north- 
ward, following the course of the warm current which 
washes the eastern shores of Japan. 

But places may have the same mean annual temperature 
and yet differ very much in the character of their climate. 
Take London and Vienna, for example : the mean winter 
temperature of the former is 37**, its mean summer temper- 
ature €4** ; Vienna, on the other hand, has a mean winter 
temperature of 29**, while in summer the average temperature 
is 70**. It is important that the extremes of heat and cold 
should be noticed ; for while some plants, like the myrtle, 
cannot endure severe winters, others, like the vine, may 
live through a severe winter, but require a great summer 
heat to bring their fruit to perfection. Hence, besides the 
isotherms, other lines have been constructed which show 
the average summer and average winter temperatures : the 
former are called Isotheres, or tsotheral curves ; the latter 
Isocheimenes, or isocheimal curves. 

Taking the months of January and July as respectively 
the coldest and warmest months of the northern, and the 
warmest and coldest months of the southern hemisphere, 
a series of observations have been taken in order to deter- 
mine the annual range of the thermometer in various parts 
of the globe. It is found that within the tropics the range 
is very small — in other words, the difference between the 
hottest and coldest months in the year is slight. As we 
recede from the tropics, however, the difference increases 
rapidly. In London, as we have seen, this difference is 
27**, and in no part of England does the range of the 
thermometer exceed 30**; at Vienna it is 40**; and at 
Yakutsk, 106**. This i« the greatest range known. No 
part of the open ocean in any part of the world has a range 
of more than 40** ; and only in North America and Asia 
does it reach 60^ The highest observed range in the 
southern hemisphere is in Patagonia, where a range of 40** 
is reached. It is a remarkable fact that the extremes of 
beat upon the earth's surface differ much less than the 
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extremes of cold ; thus the mean summer temperature of 
Yakutsk is equal to that of Great Britain ; it is the ex- 
cessive cold of winter which reduces its mean annual 
temperature to only 13**. The extreme degree of cold 
experienced in some parts of the northern hemisphere is 
surprising. In December 1738, Dr Gmelin is said to 
have experienced at Kiringa, in Siberia, a temperature 
of — 80° ; and in December 1866, at Nulato, on the river 
Yukon, the thermometer fell to — 50°. Climates are some- 
times classified according to the amount of variation in 
their annual temperatures ; thus — 

Insular and tropical climate, where the variation does not 
reach 30°. 

Continental climate, where the variation is from 30° to 60°. 

Excessive (^vaidX^^ where the variation is 60° or more. 

When it is winter in the northern hemisphere the earth 
is three million miles nearer the sun than in summer. But 
as the distance between the earth and the sun lessens, the 
velocity of the former increases, and thus the interval 
between the autumnal and vernal equinoxes is about 
eight days shorter than that between the vernal and 
autumnal equinoxes, and this compensates for the earth's 
nearer approach to the sun. Sir John Herschel shows 
that during the former and shorter interval the earth 
receives exactly the same amount of heat as it does in 
the longer interval. But, though this may be true, if we 
take the whole interval between the equinoxes, yet it is 
very probable that the direct heating power of the sun in 
summer is greater in the southern hemisphere than in the 
northern. Captain Sturt, in his journey to the interior of 
Australia in 1844, mentions that *^ the ground was almost 
a molten surface ; and if a match accidentally fell upon it, 
it immediately ignited." Dr Livingstone, also, found that 
at Kolobeng the heat was so great that when he put tbe 
bulb of the thermometer three inches under the soil in the 
sun, at midday, the temperature was from 132° to 134°. 
And on another occasion he mentions that the ground 
was so hot that the hand could not be held to it, and that 
tbe water in the ponds had a tem\)era.t\ive of 100°. 
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From observations that have been made, it appears that 
the temperature of the whole globe goes on increasing from 
January to July to the extent of eight degrees ; and that the 
mean temperature of the northern hemisphere is 60°, while 
the mean temperature of the southern hemisphere is only 
56°. The explanation of this fact probably is, that there is 
more rain in the northern hemisphere and less evaporation ; 
and we know that temperature is lowered by evaporation 
and increased by precipitation. The fact is, that the vapour 
which is carried to the northern hemisphere by the south- 
east trades contains a quantity of heat in a latent form, 
which becomes sensible when this vapour is condensed 
into rain. Something also may be due to the melting 
of icebergs, which are very numerous in the Southern 
Ocean, owing to the great expanse of water, which allows 
them a free passage from the Antarctic Ocean. 

It has been remarked also that, upon the whole, the 
climate of the New World is warmer and more moist than 
that of the Old World. Again, it appears that Northern 
and Central Asia have a true continental climate, the 
summers being very hot and the winters very cold. 
Europe has, upon the whole, an insular climate, while 
in North America the summers are not so hot as in Asia, 
but the cold of the winters is of a continental character. 

If we confine our attention to a limited area like the 
British Islands, and notice more particularly the changes 
of temperature from month to month, we shall meet with 
some curious results. Taking the months of January, 
April, July, and October as representatives of the differ- 
ent seasons of the year, we find that in winter the lines of 
equal heat run north and south. The whole east coast of 
Great Britain, from the Firth of Forth to the mouth of the 
Thames, has at that season a temperature of about 37°. As 
we travel westward, however, the temperature rises, and 
the whole west coast of Scotland, and of England north of 
the Mersey, has a temperature of 39°. This isotherm com- 
mences with the Shetland Islands, runs down the west coast 
of Great Britain as far as Cheshire, then through the valley 
of the Severn, and along the soutK (j.o^i&X.X.Q T^os^x. ^"S^caa.^ 
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it appears that in the month of January the Shetland Islands 
have actually a temperature two degrees above that of 
London. As Wales and Cornwall project further west- 
ward than any other part of South Britain, we find they 
have a higher winter temperature, the isotherm of 43* 
passing through Pembroke, and 45° through Land's End. 
In Ireland the coldest part of the country at this season is 
in the centre, where there is an average temperature of 39^ 
The temperature rises on all sides as we leave the centre 
and approach the shores, where the thermometer stands 
about three degrees higher than in the interior. All this 
shows that in winter the climate of the British Islands 
depends mainly upon the ocean ; by its influence the 
temperature of London at this season is raised 20'', while 
that of Shetland is raised 32''. Or, to put it in another 
form, were it not for the warmth we derive from the ocean 
which surrounds our shores, our winters would be from 
20** to 30** colder than they actually are. 

Turning now to the month of July, we find that the 
lines of equal heat at this season run east and west, or 
nearly so ; and that therefore it grows sensibly colder as 
we proceed from London northward. In January Shet- 
land was three degrees above London ; in July it is eleven 
degrees below it. The sun is now so powerful that the 
influence of the ocean is scarcely felt. The lines are not 
quite horizontal, they incline a little to the south-west and 
north-east, showing that the east coast is slightly warmer 
than the west coast. This may be accounted for if we 
remember that the east winds sweeping over the heated 
plains of Europe bring warmth in summer, while the south- 
west winds bring clouds and rain. The hottest part of the 
British Islands in summer is round about London, where 
the mean temperature is 64°. In this latitude the breadth 
of England is suflicient to give it something of a con- 
tinental character, while the heat on the south coast is 
tempered by the presence of the sea. 

In spring the isotherms, or lines of equal heat, run from 
the north-west to the south-east. The general direction of 
the winter lines is north and south, and of the summer lines 
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east and west ; in April, therefore, they hold an intermediate 
position. This shows that the sun's influence is beginning 
to be felt, but that the ocean still has considerable power. 
At this season the line of 49'' passes through Land's End 
and Cape Clear ; the line of 46'' passes through London, 
Liverpool, and Belfast, or nearly so ; while Shetland has 
a temperature of about 40° only. 

In autumn the isotherms form a series of curves, which 
in the south almost agree with the parallels of latitude, but 
grow deeper as we proceed northward. These curves show 
us that the east coast of England and the west coast of Ire- 
land have a similar temperature at this season, but that the 
west coast of England and the east coast of Ireland are 
much colder. The west coast of Ireland is indebted to 
the warm waters of the Atlantic, the east coast of England 
to the warm winds from the Continent ; these two causes 
are about equally important at this season, and, as it were, 
balance each other. In the neighbourhood of the Irish Sea, 
however, neither of these causes are as yet much felt, and . 
hence the lower temperature. In Scotland the curves are 
very deep, showing that the temperature of the coasts is 
higher than that of the interior. In Scotland the temper- 
ature of the ocean is from 3** to 4** higher than that of the 
land in the month of October. The temperature of the 
south coast of England in autumn is 54° ; the line of 50° 
passes through the county of Durham, the Isle of Man, 
and the north of Ireland ; that of 47° commences in the 
neighbourhood of the Shetlands and curves round to the 
south so as to pass through the extreme north of Scotland, 
and rises again in the Atlantic. (Buchan.) 

Weather is the condition of the climate of any particular 
locality at some particular time ; hence climate may be 
looked upon as the general average of the weather. 
Weather is proverbially changeable, but by careful ob- 
servation its changes may often be foreseen and provided 
against. It is well known that among the signs of rain 
are an unusual clearness in the air and a fall in the 
barometer ; both these are caused by an excess of 
moisture in tlie air. This moisture causes the great 
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transparency in tbe atmosphere, and, at the same time, 
makes it much less dense, since aqueous vapour is lighter 
than its own volume of dry air. The air being less dense, 
the mercury in the barometer falls. For the same reason, 
where there is much moisture in the air, smoke cannot rise, 
but appears to be beaten down, and this also is one of the 
signs of rain. We have mentioned in a previous chapter 
that in the neighbourhoods of cyclones the air is com- 
paratively rare, being sucked in by the rotation of the 
storm. Now, as most storms are more or less cyclonic in 
character, it has become an established rule that a sudden 
fall of the barometer shows the approach of a storm ; a 
gradual fall merely foretells rain. Another sign of rain 
is what sailors term the " backing " of the wind. When 
the wind, in shifting, goes round in the same direction as 
the hands of a watch — that is, from north to cast and then 
by south to west — ^we may expect settled weather; but 
when it veers round in the opposite direction, or " backs," 
then bad weather may be expected. 

There are several other indications of change in the 
weather known to those who have made the subject their 
especial study. A "mackerel sky" is said to portend 
wind ; the appearance of halos and meteors is said to 
announce rain in summer and thaw in winter. A red 
sunset has long been considered to foretell a fine day on 
the morrow, while a red sunrise is considered unfavourable. 
An early and heavy dew is one of the signs of fine weather, 
and this is not impossible, since it involves a clear sky free 
from clouds. It has also been noticed that hail in summer 
is generally preceded by great heat, and followed by cool 
weather. 

" A large amount of weather news is obtained by watch- 
ing the habits of animals and the conditions of vegetation. 
The former, especially, afford the readiest, and even the 
surest, proofs of coming change that are open to our obser- 
vation. The flight of birds and insects, the departure of 
fishes from their usual haunts, the movements of cows and 
sheep in the fields, or of domestic animals in the house, are 
among the phenomena tVval \i\\l oocvw to every one ; but 
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they can only be made use of by those who are thoroughly 
familiar with, and minutely observe, nature. Many of us, 
indeed, have our own instincts in this respect ; and there 
are cases within the sphere of general knowledge where 
human beings, our friends or ourselves, feel without seeing 
those changes of wind that precede or accompany changes 
of weather. Amongst human weather-indicators are the 
martyrs to rheumatism and neuralgia; those who have 
felt the racking pain from old and imperfectly healed 
wounds ; those from whom proceeds the dry consumptive 
cough ; or those who suffer from the bronchial irritation 
that no artificial atmosphere can soothe." (Ansted, 
Physical Geography,) 
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CHAPTER XXI. 

Minerals. 

The prosperity of England as a commercial natioa 
depends upon its supply of coal ; and at present this supply 
seems almost inexhaustible. Coal and iron are more 
valuable to a country than the precious metals, and in 
England these minerals are either found associated to- 
gether, or in close proximity. Without these, Britain 
could never have attained the pre-eminence in maufactur- 
ing and commercial industry which now distinguishes 
her. 

Coal is generally deposited in " basins " or large con- 
cave depressions in the strata. The strata consist of 
alternate beds of clay, coal, and sandstone, and the seams 
of coal vary in thickness from three to nine feet. In South 
Wales, the coal-measures are said to attain a thickness of 
12,000 feet. It is now generally admitted that coal has 
been formed almost entirely out of decayed vegetation. 
Each coal-basin probably occupies the site of an ancient 
delta which was covered with jungle, just as we see is the 
case with the deltas of the Ganges and Mississippi at the 
present day. It seems also probable that while the coal- 
measures were being formed, the ground was gradually 
sinking. The mass of vegetation which covered the delta 
was at length submerged, and covered with accumulations 
of sand and mud brought down by the rivers. In process 
of time a comparatively dry surface was formed, another 
covering of vegetation sprang up, to be in its turn sub- 
merged and buried. These several masses of vegetable 
matter fermenting under pressure, and probably exposed 
to the internal heat of the earth, gradually became car- 
bonized and changed into coal. What makes this theory 
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tlie more probable is, that under almost every seam of coal 
is found a band of clay, and in this clay are discovered 
the roots of trees which belonged to the ancient forest 
growth, while the remains of stems, leaves, fruits, and 
flowers arc found in great abundance in the sandstones 
and shales which lie above the seams. In the Sydney 
coal-field, in Cape Breton Island, there is clear evidence 
of at least fifty-nine fossil forests ranged one above the 
other. 

In England, more than a dozen large coal-fields are 
worked. The most important is that of Durham and 
Northumberland, which, in 1871, produced 29,000,000 
tons of coal. Next in importance is the Yorkshire and 
Nottingham coal-field, and then rank in order the South 
Staffordshire, the Lancashire, and the South Wales fields. 
There is also a very valuable coal-field in Scotland which 
occupies the great central lowland lying between tl«e 
Grampians and the Lowthers. Here there are more than 
400 collieries, which produce annually above 15,000,000 
tons. The total quantity of coal produced in Great 
Britain in 1872 exceeded 123,000,000 tons. Out of this 
quantity above 13,000,000 tons were exported, Germany 
and France being our chief customers. A considerable 
quantity of coal is also sent to Russia, Denmark, Holland, 
Italy, Spain, Egjrpt, Hindostan, and Brazil. 

In Europe, Belgium ranks next to Great Britain as a coal- 
producing country ; France, Germany, and Russia also pro- 
duce it, but not in quantities sufiicient to supply their own 
consumption. The largest coal-fields known at present are 
in the United States. Here there are four large areas, 
besides several smaller ones : (1.) the great Appalachian 
coal-field, which includes portions of Pennsylvania, Ohio, 
Virginia, Kentucky, and Tennessee, and embra(^es an area 
of 63,000 square miles; (2.) the Illinois basin; (3.) the 
Missouri basin; and (4.) a coal-field which covers the 
central portion of Michigan. The Appalachian coal-field 
is traversed by the Monongahela and Alleghany, which 
expose to view the seams of coal on their banks. The 
Pittsburg seam, on the banks of the Monongahela, is 225 

T 
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miles in length, 100 in breadth, and ten feet thick ; and 
may be worked almost on the surface. Large areas in 
Nova Scotia and New Brunswick abound in coal; it 
is also found near the Red Biver, and in Vancouver's 
Island. 

Crossing the Pacific, we find that coal is worked by 
convict labour in the island of Saghalien ; and there are 
inexhaustible beds in China, especially in the northern pro- 
vinces of Pe-chi-li, Shan-si, and Shantung. Coal is also 
met with in Borneo and Hindostan. The southern conti- 
nents seem less rich in this important mineral, but there 
are valuable beds of coal in Eastern and Western Aus- 
tralia, in Van Diemen's Land, New Zealand, and Mada- 
gascar ; it is also worked in Chili and Brazil. 

During the various changes and upheavals that have 
taken place in the carboniferous strata, the coal-measures 
have been more or less exposed to the influence of the 
internal heat of the earth. In some cases this heat has 
been sufficient to deprive the coal of its bitumen and change 
it into a kind of coke called anthracite. This variety bums 
without smoke and with very little flame ; and is sometimes 
so hard that it is made into inkstands and ornaments. The 
coal found in the eastern part of the Appalachian field is of 
this kind. Sir Charles Lyell is of opinion that plumbago 
or graphite is merely another form of anthracite. Jet is 
undoubtedly a species of coal ; in England, however, it is 
not found in the carboniferous system, but among the 
oolitic strata. There are, however, beds of true coal found 
in systems of later date than the carboniferous, but they 
are seldom sufficiently extensive to pay the cost of working 
them. 

Iron is seldom found native except in those masses 
to which a meteoric origin is usually assigned. By the 
word native^ as applied to a mineral, is meant either pure, 
or alloyed with other metals which do not disguise its 
character. Iron in this country is usually found as an ore 
called ironstone, and consists of carbonate of iron mixed 
with clay. The iron is separated from its ore by means of 
a blast-fumacA. In Great Britain there are nearly 700 



MINERALS. 287 

furnaces in blast, and the amount of pig-iron produced in 
1871 was 6,627,000 tons. The principal iron districts are 
Cleveland in North Yorkshire, the county of Durham, 
South Staffordshire, and South Wales. In Sweden and 
Norway, at the famous works of Dannemora and Arendal, 
the ore is the magnetic iron-ore, and is nearly free from 
impurities when quarried. It yields from 50 to 60 per 
cent, of iron, while in England the percentage is only from 
20 to 40. The same ore is abundant in the Ural Moun- 
tains, and the summit of Blagod, 1534 feet in height, is 
one mass of magnetic iron-ore. This ore is also met with 
in Chili, and in the province of Minas Geraes in Brazil, 
where in one place it forms a mountain (Itambira) 5250 
feet in height. In the United States various ores are 
found ; the earthy carbonate, like that of England, is found 
along with the coal deposits, and is extensively worked. 
Iron-ores of various kinds are also very abundant in the 
Altai Mountains and in the valley of the Vilui as well as 
in Belgium, France, and the island of Elba. 

The so-called meteoric iron is generally alloyed with 
nickel, and to a less extent with other metals, such as 
cobalt, tin, copper, and manganese. It generally occurs in 
large detached masses, and some think that these masses 
are fragments of meteors or shooting stars, which have 
reached the earth. The most remarkable of these — that of 
Otumpa — was discovered in the desert of the Gran Chaco, 
in South America. It was brought to England, and is now 
in the British Museum; it weighs 14 cwt Another one, 
found in Siberia, weighed 1600 lbs. ; and there is one in 
Yale College, Massachusetts, weighing 1635 lbs., which 
came from Texas. The great mass of Otumpa is far from 
being a solitary one in that region ; similar masses are also 
common in the province of Atacama in Peru, and in South 
Africa. These facts have led many writers to doubt their 
meteoric origin. 

Many of the metals are found almost conclusively in 
veins. These are cracks or fissures in the rock which have 
been filled, or partially filled, with mineral substances; 
and it is supposed that these substances have been brought 
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by sublimation from the heated interior of the earth and 
deposited at a lower temperature. In Cornwall, where are 
situated the richest tin-mines in Europe, the most pro- 
ductive veins run almost universally from east to west. 
Veins at right angles to these are generally non-metallifer- 
ous, or, if they do contain metallic ores, they are of a 
different kind. From this circumstance, it has been con- 
jectured that there is some connexion between these veins 
and the electrical currents which circulate through the 
earth, from east to west, in a direction at right angles to 
the magnetic meridians. The prevalence and richness of 
mineral veins are also intimately connected with the 
proximity or junction of dissimilar rocks. Granite and 
other plutonic rocks are often eminently metalliferous; 
mineral deposits are also abundant in sedimentary rocks, 
but especially where the two classes of rock come in con- 
tact with each other, or where metamorphism has taken 
place. In Great Britain no metal, except iron, is found in 
any stratum newer than the magnesian limestone. This is 
probably due to the fact, that the more recent systems in 
this country have not been exposed to any great volcanic 
disturbance ; for in Auvergne and the Pyrenees mineral 
veins occur in the more recent strata. 

Copper is very widely diffused : native copper is very 
abundant near the upper end of Lake Superior, where 
masses of pure copper 50 tons in weight have been found. 
It is also met with in Queensland and in the interior of 
Australia. Malachite^ or the carbonate of copper, which 
is valued almost as a gem when in fine specimens, is 
largely procured from the Urals and Altai Mountains, and 
from the copper mines of Burra Burra in South Australia. 
Almost every country of Europe yields copper, and the 
mines of Norway, Sweden, and Germany are very pro- 
ductive. It is raised in various mining districts in Eng> 
land and Wales, but is obtained chiefly from Cornwall and 
Devon. The quantity of copper ore produced by these 
counties in 1871 was 71,118 tons, which yielded 4682 tons 
of pure copper. In Cornwall the veins of copper are 
associated with thosS of tin ; tl^ir width varies from the 
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thickness of a sheet of paper to 30 feet ; but the average 
is from one to three feet. It seldom happens that either 
tin or copper is found nearer the surface than 80 or 100 
feet. If tin be first discovered, it sometimes disappears after 
sinking the mine 100 feet, when copper is found ; but if 
copper be first discovered, it is very rarely succeeded by tin. 

The localities in which tin is found are comparatively 
few. The most valuable tin-mines on the Continent are 
those of Saxony ; it is found also in Bohemia, France, and 
Spain. The mines of Cornwall produced in 1871 about 
16,000 tons of ore, which yielded 11,000 tons of pure 
metal. With the exception of those of the Indian Archi- 
pelago, the English mines are the richest in the world. 
One of the richest known deposits is in the province of 
Tenasserim, on the east side of the Gulf of Martaban ; but 
the best of all comes from Banca, in the Straits of Malacca. 
The whole tin-field in this part of Asia extends at intervals 
over seventeen degrees of latitude, and its yield is double 
that of Cornwall. Large deposits also occur in the mining 
district of Nertchinsk, on the upper Amoor ; and what is 
called stream tin — ^where the metal occurs in rolled pieces 
— has been discovered in the gold-fields of Australia. 

Lead is veiy abundant in England, the chief district 
being in the neighbourhood of Cross-fell, in the Pennine 
chain. The mines lie principally in the upper dales of the 
Tyne, Wear, and Tees ; and the amount of lead-ore pro- 
duced here in 1871 was 21,864 tons. Cornwall, Shrop- 
shire, and Derbyshire have also productive mines ; and 
the metal is also abundant in Cumberland and Yorkshire. 
In Wales, the most productive counties are Cardigan, 
Montgomery, and Denbigh; and it is also worked to a 
considerable extent in the Isle of Man. In most of these 
places silver is found associated with the lead in quantities 
suflficient to pay for extracting it. The mines of Cornwall 
appear to be richest in this respect. Lead is abundant in 
most European countries, but comparatively rare in Asia. 
Perhaps the most extensive lead-mines in the world are in 
the valley of the Upper Mississippi, in Wisconsin and the 
neighbouring states. 
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Gold is found disseminated in nodules or in threads in 
many rocks, chiefly quartz, and in the beds of rivers, and 
alluvial deposits resulting from the destruction and disinte- 
gration of such rocks. It has been remarked that it seems to 
have a special preference for those mountain- chains which 
nin north and south. Such are the Andes, the Sierra Nevada 
of California, the Gold Range in British Columbia, the 
Urals, and the Dividing Range in Australia. It is found 
in small quantities in the British Islands, and there are 
productive mines in Hungary, Transylvania, and other 
parts of Austria. It abounds in Siberia, both in the Urals 
and Altai system. In 1826, a piece of pure geld weighing 
23 lbs. was found in the alluvial deposits at the foot of the 
Urals, on the east side. Gold is also found in Japan and 
Borneo, in the Chinese province of Yunnan, in Further 
India, and in Thibet. The precious metal is found in 
greater or less quantities in almost every part of Africa, 
but the richest mines are on the west coast, at Gaman, a 
territory belonging to the kingdom of Ashantee. New 
Granada, the most westerly of the three chains of the 
Andes, is rich in gold and platinum ; it is also found in 
the provinces of Matto Grosso and Minas Geraes in Brazil, 
and in Central America and Mexico. 

The discovery of vast gold-fields during the last-five-and 
twenty years has had a powerful influence in promoting 
colonization. In the summer of June 1848, gold was dis- 
covered on a branch of the Sacramento river in California, 
and before the end of the year 5000 persons had been 
attracted to the spot, and had been rewarded by gold 
worth £1,000,000. Two years later, California was ad- 
mitted into the Union, and is now one of the most flourish- 
ing states. In 1851, an enormous nugget was found near 
Bathurst, in New South Wales, by a native shepherd. It 
appeared like a huge stone lying on the bare surface of the 
ground. Seeing a glittering speck, the shepherd struck 
ofl" a piece with his tomahawk, and was astonished to find 
it almost pure gold. The mass weighed between two 
and three hundredweight. Streams of adventurers now 
flocked to New South Wales ; and shortly afterwards rich 
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gold-fields were discovered in the neighbouring colony of 
Victoria. Since then, Victoria has taken the lead among 
our dependencies as a gold-producing colony, and rivals 
even California. The total quantity produced by Victoria 
in the fifteen years ending with 1866, amounted to the 
value of £146,000,000. It was in this colony also, near 
Ballarat, that the largest nugget yet discovered was found 
in 1858. The Welcome Nugget weighed 2166 ounces, 
and yielded 2000 ounces of pure gold, valued at £8376, 
10s. lOd. 

The same year in which this nugget was found was 
signalized by the discovery of gold in British Columbia. 
The precious metal was first met with in the sand-bars of 
the Lower Eraser ; but, as the miners made their way up 
the stream, they found the grains increase in size and 
quantity ; and now the most productive field is the district 
of Cariboo. Valuable gold-diggings have also been opened 
in both the North and Middle Islands of New Zealand ; 
Hokitika and Otago, both in Middle Island, are perhaps 
the two principal mining centres. 

A great deal of silver is raised in Europe, the mines of 
Hungary being the most productive, and next to them, 
perhaps, those of the Erzgebirge Mountains. The lead- 
mines of Great Britain produced in 1871, £761,490 worth 
of this metal ; and out of this quantity £267,324 worth 
came from the mines of Cornwall. Silver is very abundant 
in Siberia, especially in the district of Eolyvan, on the 
river Obi : there are also mines in China and other parts 
of Asia. Silver is found in immense abundance in Chili, 
Peru, and Mexico. The chief mines in Chili are those of 
Copiapo, accidentally discovered in 1832. Sixteen veins 
of silver were met with in the first four days, and before 
three weeks had elapsed, forty more, not reckoning smaller 
ramifications. In Peru there are silver-mines cdong the 
whole range of the Andes from Caxamarca to the desert 
of Atacama. The most productive at present are those of 
Pasco, which have been worked without interruption since 
the beginning of the seventeenth century. The mines of 
Potosi, 16,000 feet above the sea-level, are celebrated for 
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their riches ; but it is difficult to work them, owing to their 
elevated situation. In the district of Huantajaya, not far 
from the shores of the Pacific, a mass of pure silver weighing 
800 lbs. has been discovered. Mexico is exceedingly rich 
both in gold and silver ; Humboldt says that at the time of 
his visit there were 3000 mines of gold and silver, but the 
disturbed state of the country has prevented due attention 
being paid to them. The silver-mines are most abundant be- 
tween IS"* and 24° north latitude, in the mountains which rise 
on the table-lands, and in those which border their margin. 
The most productive vein is that of Guanaxuato. A large 
amount of silver also is obtained from the territory of 
Nevada, west of the Great Salt Lake, in North America ; 
in four years silver to the amount of £11,000,000 was 
obtained from this district. 

Quicksilver, or mercury, is used in separating gold and 
silver from their ores, and is valuable in other respects. 
Native mercury is a rare mineral, yet it is met with at 
the different mines of this metal at Almaden in Spain, 
Idria in Camiola, and also in Hungary and Peru. It is 
usually disseminated in globules, which drop out of the 
rock when broken, but is sometimes accumulated in 
cavities. The mercury of commerce is chiefly obtained 
from an ore called cinnabar, which is almost identical 
with vermilion. The mines of Almaden are the richest in 
Europe : they have been worked for 2500 years, and still 
yield about 25,000 cwt. annually. The mines of Huan- 
cavelica, in Peru, are now almost abandoned ; but between 
the years 1570 and 1800 they are said to have yielded 
540,000 tons. A large mine has been discovered in 
Upper California, twelve miles south of San Jos6. The 
supply is abundant, and of excellent quality, and between 
one and two million pounds of mercury are now annually 
extracted. Quicksilver is also met with in Mexico, Chili, 
China, Japan, on the banks of the Rhine, and in Tuscany. 

Platinum, the .heaviest of all metals, is found in few 
localities. It was first detected in grains in the alluvial 
deposits of Choco, in New Granada, where it received the 
name platina, from the word plata, meaning silver. It 
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was subsequently discovered in Brazil, St Domingo, the 
Urals, and Borneo; and recently traces have been ob- 
served in North Carolina. By far the larger quantity in 
use comes from the Urals, where it is found on the western 
slope. It is usually found in small grains, but masses of 
a considerable size are occasionally met with. In 1822 a 
large nugget was brought from Condoto, in New Granada, 
which weighed 25 oz. A more remarkable specimen was 
discovered in the Urals five years later, which weighed 
above 11 lbs. troy. The largest yet discovered weighs 
21 lbs. troy ; it is in the Demido£f cabinet in Russia. 
The infusibility of platinum, and its resistance to the action 
of air, moisture, and most chemical agents, render it of 
great value for the construction of chemical and philosophi- 
cal apparatus. Russia produces annually about four tons 
of platinum, which is about ten times the amount derived 
from Borneo, New Granada, Brazil, and St Domingo. 
Borneo produces about 800 lbs. per annum. 

The difiusion of gems and precious stones is limited : at 
the head of these stands the diamond. 

Diamonds are found almost exclusively in alluvial 
detritus, — that is, in a soil of sand and gravel, and in 
the beds of rivers : in only one or two instances have 
they been found embedded in the rock. Brazil produces 
most of the diamonds of commerce ; they are found chiefly 
in the province of Minas Geraes, in the upper part of the 
basin of the San Francisco. The mines are worked by 
slaves, and when a diamond weighing more than seven- 
teen carats is found the slave is entitled to his freedom. 
In 1854 a negress discovered one weighing, in its rough 
state, 254^ carats. It is called the Star of the South^ and 
was shown at the Exhibition of 1862. The celebrated 
Koh-i-noor J on its arrival in England, weighed 186 carats. 
It has since been re-cut and reduced one-third in weight. 
Diamonds have been found at Golconda and other parts of 
Hindostan, in the peninsula of Malacca, and in Borneo, 
which has produced a diamond weighing 367 carats : this 
is perhaps the largest diamond known. Within recent years 
considerable attention has been directed to the dia^lond- 
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fields of South Africa. The district lies near the junction 
of the Vaal and Harte rivers, having the town of Pniel in 
the centre. In July 1871 a population of 34,000 had 
assembled upon the spot, and the territory has been 
annexed to Gape Colony. Diamonds are valued accord- 
ing to their colour, transparency, and size. They are not 
always white, but sometimes rose-coloured, green, blue, and 
occasionally, though rarely, black. 

The ruDy and sapphire are abundant in Ceylon and 
Birmah, where they are generally found in the beds of 
streams. The proper colour of the sapphire is blue, but 
it is found in various colours, and each variety has a dis- 
tinct name : when red it is called the oriental ruby ; when 
yellow, oriental topaz ; when green, oriental emerald ; when 
violet, oriental amethyst. The finest emeralds come from 
veins in a blue slate of the age of our lower chalk strata, 
found in the valley of Muzo, in New Granada. The beryl, 
a variety of the emerald, comes from Siberia, Hindostan, 
and Brazil. One specimen in the possession of the Emperor 
of Brazil is as large as the head of a calf, weighs more 
than 18 lbs. troy, and is transparent, and without a 
flaw. Mexico, Hungary, and Bohemia yield the finest 
Opals. The most esteemed are opaque, of a pale brown, 
and shine with a brilliant iridescence ; others are of a 
milky white, but with a beautiful play of delicate tints. 
The most beautiful garnets come from Ceylon and Green- 
land; those of Pegu also are highly valued. The topaz 
is found in the Ural and Altai Mountains, and in Kam- 
chatka, where they are of green and blue colours. In 
Brazil they are of a deep yellow. Fine crystals of 
various colours have been obtained from the district of 
Cairngorm, in Aberdeenshire. The tin-mines of Bohemia 
and Cornwall also produce smaller crystals. The tur- 
quoise is peculiar to Persia, and the Shah is said to retain 
for himself all the large and more finely-tinted specimens. 
There are two varieties, one of which — an inferior and 
softer kind — is supposed to be the fossil tooth of a 
mastodon, coloured with a little phosphate of iron. The 
eat's-eye is a greenish- gray alowe, yi\\Xi «^ ^^^\5l\a.r internal 
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reflection like the glare of a cat. It comes from Ceylon 
and Malabar ready cut and polished, and is a gem of con- 
siderable value. 

The richly-coloured lapis laznU, so highly esteemed for 
costly vases and for inlaid work in ornamental furniture, is 
found chiefly in the Afghan province of Badakshan. It 
is also met with in Cabool, Thibet, China, and Siberia. 
Agates are found in the table-land of Thibet, and in the 
desert of Gobi. They form a considerable article of com- 
merce with China, and some are brought to Italy and cut 
into cameos. The on3rx, a kind of agate, is chiefly used 
for this purpose. The most celebrated is the famous 
Mantuan vase in possession of the late Duke Charles of 
Brunswick. It was cut from a single stone, and is about 
seven inches high and two and a half broad. On its out- 
side, which is of a brown colour, are white and yellow 
groups of raised figures representing Ceres and Triptolemus 
in search of Proserpine. 

It is interesting to notice that these and other precious 
gems are but the crystallized forms of common matter 
elaborated by nature in her secret recesses. The diamond, 
it is well known, is crystallized carbon. The emerald, ruby, 
sapphire, topaz, and lapis lazuli are but varieties of alumina, 
which is the basis of common clay ; while silica or flint 
is the chief component of the opal, cat's eye, agate, and 
onyx. But though the chemist in his laboratory can re- 
duce these beautiful objects to their original elements and 
demonstrate their humble origin, all the skill of man does 
not suffice to enable him to re-combine those elements so as 
to produce the elegance and symmetry of their previous 
forms. 

Salt is obtained either from mines of rock-salt or by 
evaporation from brine springs. Rock-salt is commonly 
disposed in thick beds, either superficially, as in Northern 
Africa, or at great depths, as in Poland. In the Andes 
are vast deposits, some at great heights. In Spain, at 
Cardona in the Pyrenees, there is a rugged precipice of 
rock-salt 400 or 500 feet high, and of great purity. A 
similar mass is found in the Fu.i\jaA\b^ tl^^t \ja^<^\.^. 'Sxsl 
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Afghanistan a road is cut out of the solid salt at the foot 
of cliffs of that mhieral one hundred feet high. The island 
of Ormuz, at the entrance of the Persian Gulf, is of rock- 
salt. The total quantity of salt produced in England in 
1871 amounted to 1,287,465 tons, and out of this 833,187 
tons were exported. The largest deposit in England is 
near Northwich in Cheshire. Enormous deposits extend 
600 miles on each side of the Carpathian Mountains, and 
throughout wide districts in Austria, Galicia, and Tuscany. 
A short distance from Cracow are the salt-mines of 
Bochnia and Wielicza, which are perhaps the richest in 
the world. The salt-mines of Wielicza have been worked 
since the sixteenth century, and produce about 150,000 
cwt. of salt annually. The workings consist of three 
stories, each of which corresponds to a stratum of salt, 
and the lowest is at a depth of between seven and eight 
hundred feet. The lowest working extends over a dis- 
tance of nearly half a league in length, and consists of 
galleries and chambers of great height, supported by 
pillars of salt which have been left for the purpose.. 
Within the mines are three chapels cut out of the solid 
salt, with pulpit, crucifix, and various statues of the same 
materiaL When visited by persons of distinction these 
chapels, galleries, and vaulted roofs are illuminated by 
lamps and torches, and the light reflected from the 
crystallized surfaces around produces a scene of great 
splendour. 
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CHAPTER XXII. 

Vegetation. 

In the previous chapters we have treated of inorganic 
nature : we have now to consider the phenomena connected 
with life. Animals derive their food mainly from vege- 
tation : vegetation derives its support directly from inor- 
ganic substances. Plants obtain their food from the earth 
and from the atmosphere. From the former they receive 
hydrogen and nitrogen in the form of water and ammonia ; 
from the latter carbon and oxygen in the form of carbonic 
acid. Having imbibed these substances, they give back 
the oxygen to the air, and consolidate the carbon, water, 
and nitrogen into wood, leaves, flowers, and fruit. Though 
the quantity of carbonic acid in the atmosphere is exceed- 
ingly small when compared with its other constituents, 
being only one three-thousandth part of the whole, yet it 
is amply sufficient to supply the whole vegetable world ; 
and is constantly being supplied by the breath of animals, 
by combustion, fermentation, the decomposition of vege- 
table matter, and by volcanoes. A certain amount of more 
solid food — such as the alkalies, phosphates, silicates, and 
sulphates — are required for the growth and perfection of 
plants. It is to supply this solid food that manures are 
used in exhausted soils. Cereals and grasses require silica, 
which gives the stiffness to straw and to canes. The 
family of the Cruciferse, which includes cabbages and tur- 
nips, require a certain amount of sulphur. 

Plants require rest as well as food. In northern and 
temperate latitudes most plants rest during winter ; within 
the tropics the dry season is the time for rest. It is well 
known also that many flowers close their leaves towards 
evening, and wake with the dawn. Some plants, however, 



298 PHTSICAL OE0.ORAPHT. 

seem to keep awake during the night, and, then only, give 
out their choicest perfume. Many of the jessamines are 
most fragrant during the twilight; while other plants 
reserve their sweetness for midnight. 

Light and heat seem essential to the germination and 
growth of plants, but the quantity necessary to some plants 
must be exceedingly small, for vegetable life seems to be 
universally diffused. In the arctic regions no land has yet 
been discovered which is entirely destitute of vegetation. 
The Palmella nivalis^ or red snow of the arctic regions, 
finds nourishment in the snow itself; it has also been met 
with on the Alps and Pyrenees. On the other hand, a 
species of Confervas flourishes in the geysers of Iceland 
where the water is almost hot enough to boll an egg. Vege- 
tation of some kind is also met with on the highest sum- 
mits of our mountains, and to considerable depths in the 
ocean. 

Plants are divided into two great classes — flowering and 
flowerless. The latter, sometimes called Cryptogams^ in- 
clude ferns, mosses, lichens, fungi, and sea-weeds. The 
former are divided into monocotyledons^ which spring from 
one seed-lobe or cotyledon, like a grain of com; and 
dicotyledons^ which spring from two seed-lobes like those 
of a pea or bean. In monocotyledons the young plant 
commences with one little leaf wound spirally outside the 
seed. As the plant grows new leaves shoot up, and the 
outer case of dead leaves left behind forms the outside of 
the stem. These plants, therefore, grow from within, and 
their leaves have parallel veins. To this class of plants 
belong the cereals, grasses, lilies, and palm-trees. In di- 
cotyledons, the double seed gives off two leaves, diverging 
as they rise, and allowing a stem to come up between 
them. The leaves have netted veins, and the stems dis- 
tinct bark. In shrubs and trees belonging to this class, the 
trunk increases by successive rings which mark the years 
of its existence. All British trees and woody plants belong 
to this class. 

The total number of species of plants known to exist has 
been estimated at 120,000; and of those actually described 
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it is said that the acotyUdonous plants, or cryptogams, 
amount to 15,000; monocotyledons, to 14,000; and 
dicotyledons, to 76,000. But these classes are distributed 
very unequally on the earth's surface. Between the tropics 
there are four dicotyledons to one monocotyledon, in the 
temperate zone six to one, but in the polar regions only 
two to one. 

It appears from observations that have been made, that 
the difference of a clear or cloudy sky has a great effect 
upon vegetation ; and that the ripening of fruit depends 
upon the serenity of the sky, even more than on summer 
heat alone. It appears also that the chemical rays of the 
solar spectrum have most effect, not only upon the germi- 
nation of seed, but also upon the growing plant. In spring 
these rays are in excess as compared with the quantity of 
light and heat. As summer advances, however, the hot 
rays, corresponding to the extreme red of the spectrum, 
which facilitate the flowering and forming of the fruit, be- 
come abundant, and the invisible heat rays are also most 
abundant in summer. 

Vegetable Zones. — Since, then, plants depend so much 
upon light, heat, and moisture, we see the intimate con- 
nexion which exists between them and climate. And just 
as the surface of the globe has been divided into zones of 
climate, so it has been proposed to divide it into zones of 
vegetation, which, though not rigorously exact, give a good 
general idea of the distribution of plants. Thus we find 
that the 

Region of Corregponds to tho 

Palms and Bananas, Equatorial Zone. 

Tree-Fems, and Figs, Tropical Zone. 

Myrtles and Laurels, 6ub-tropical Zone. 

Evergreen Trees, Warm Temperate Zone. 

Deciduous Trees, Cold Temperate Zone. 

Pines, 8ub-arctic Zone. 

Rhododendrons, Arctic Zone. 

Alpine Plants, Polar Zone. 

And as, in passing from the base of a mountain within the 
tropics to the region of eternal snow, we pass through the 
various climates w^hich exist on the surface between the 
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equator and tlie poles, so we meet with different aspects of 
vegetation corresponding to these different zones. 

Botanical Beeions. — The laws, however, which relate 
both to the vertical and horizontal distribution of vege- 
tation are sometimes subject to certain local modifications, 
the causes for which are not well understood. Thus some 
plants seem naturally limited to certain districts, yet when 
removed to other regions they frequently thrive equally 
well. It would almost seem as if each species of plant had 
originally a particular centre from which it spread. Some 
plants seem to have travelled over wide tracts of the globe, 
while others have been localized in a remarkable manner. 
Viewing the subject in this light, botanists have divided 
the surface of the globe into botanical centres or regions. 
The principle acted upon by Schouw in proposing such a 
division is that, in order to constitute a " botanical region," 
at least one-half of the species^ and one-fourth of the genera^ 
of some one or more natural families of plants, should be 
peculiar to it, and that individual orders should either be 
peculiar to it, or reach their maximum in it. It would be 
tedious to enumerate all the regions that have been thus 
mapped out, but one or two of the more marked ones may 
be glanced at. 

1. The shores of the Mediterranean is the region of the 
Labiatce and CaryophyllcB, To the labiate tribe belong 
mint, thyme, rosemary, lavender, and many others, all re- 
markable for their aromatic properties ; to the caryophyllae 
belong the pink, catchfly, and sandwort. This region is 
also distinguished by the number of evergreen trees, such 
as the evergreen oak, the arbutus, myrtle, jessamine, and 
cypress. 2. In Africa, south of the tropic of Capricorn, 
we have the region of Stapelias and Mesemhryanthema, or 
fig marigolds. This region is marked by plants with thick 
fleshy leaves, but bright and beautiful flowers. Here are 
found aloes, geraniums, and irises, but, above all, heaths. 
Of these last there are about 400 species, all exceedingly 
beautiful. 3. In Eastern Asia, from 30** northward to the 
Amoor, including the Japan Islands, is the region of the 
tea-plant: here flourish the camellia, the thea^ and the 
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citron. 4. The southern region of North America may be 
called the region of magnolias. Its trees have broad shin- 
ing leaves and beautiful flowers. Here flourish the tall 
tulip-tree, the long-leaved pitch pine, the deciduous cypress, 
the aquatic oak, and the swamp hickory. 5. In South 
America, between the parallels of 5"" and 20'' south, and at 
an elevation of from 5000 to 9600 feet, is the region of 
Cinchonce, or Peruvian bark. 6. In South Australia we 
find the region of the Epacridce and Eucalypti. Here the 
trees are all evergreen, with grasslike and stunted foliage ; 
here flourish the myrtle, acacia, and gum-tree, with arbor- 
escent ferns and nettles of gigantic size. 7. Lastly, New 
Zealand forms another region distinguished by its graceful 
ferns and valuable pines. Out of about 2000 native plants 
only 730 are flowering ones, and of these two-thirds are 
peculiar to the island. 

We have already remarked that it is probable that each 
species of plant had originally a specific centre from which 
it gradually spread. The fact that some plants appear in 
localities now widely apart and separated by what appear 
to be impassible barriers, seems at first sight to militate 
against this opinion. But when we consider the extensive 
areas over which similar plants seem to have spread at 
certain geological epochs, and when we remember the 
great changes that have since taken place in the distribu- 
tion of land; if to this we add the agencies still at work in 
spreading seed — ^birds, winds, oceanic currents — we shall 
have little difficulty in admitting that all plants of the same 
species, however widely apart they may now be, may 
originsJly have sprung from one species and from one 
centre. The plants which first appeared upon the globe 
were of a low type, and the species comparatively few. 
Gradually new species seem to have been introduced suited 
to a new state of external conditions, while some of the 
older species died out. In this way, perhaps, we may ac- 
count for the wider range of alpine plants and others of a 
low type of vegetation. 

The flora of the British Islands is very instructive as 
illustrating the laws which seem to have governed the dis- 

u 
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tribution of plants. Three thousand species of plants have 
been collected in the British Islands, but none of them ap- 
pear to be peculiar to this country : they all migrated from 
the neighbouring countries before Great Britain was sepa- 
rated from the continent, but probably at different times. 
Professor E. Forbes has divided the British flora into five 
botanical districts, the plants of four of which are very 
much restricted in their area, whilst those of the fifth com- 
prdiend the great mass of British vegetation. The first 
flora, and probably the most ancient, includes that of the 
mountain districts of the west and south-west of Ireland, 
and is similar to that of the north and west of Spain. The 
second is that of the south of England and the south-east 
of Ireland, which is intimately related to the vegetation of 
the Channel Islands and the north of France. The third 
flora appears in the south-west of England, where the 
chalk plants prevail, and it resembles that on the north- 
west coast of France. The tops of the loftiest British 
mountains form a fourth botanical district, where the flora 
is similar to that of the mountains of Scandinavia. The 
rare Eriocaulon is found in the Hebrides, in Connemara, 
and in-North America, and nowhere else. The fifth divi- 
sion includes all the ordinary flowering plants of Great 
Britain, together with our common trees and shrubs ; these 
have migrated from Germany. It is probable that before 
thiB last migration was completed, Ireland had been sepa- 
rated from England, since several common English plants 
are not found in that country. 

Having thus briefly illustrated the laws upon which the 
origin and distribution of plants seem to depend, we pro- 
ceed in the next place to give a brief description of the 
distribution of vegetation upon the earth's surface. 

Arctic Flora. — Under this term we may include the 
vegetation of that part of the Old and New Worlds which 
lies within the arctic circle, as well as the tops of the 
mountain-ranges down to the arborescent belt. We have 
already noticed the Palmella nivalia^ which finds nourish- 
ment in the snow itself. It consists of a thin stratum of 
microscopic red or orange coloured globules, and may be 
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looked upon as the first dawn of vegetable life. Lichens 
are the first vegetables that appear at the limit of the snow- 
line, whether in high latitudes or on mountain tops. Next 
follow mosses, which are found in greatest abundance, in 
temperate and Alpine climates. In Novaia Zemblia there 
are a number of plants of considerable beauty, but very 
small. All the woody plants — which consist chiefly of 
willows and a few berry-bearinff shrubs — trail along the 
ground, never rising more than an inct or two from it. 
The tallest tree does not grow above five inches in height ; 
its stem, which is ten or twelve feet long, lies hidden among 
the moss. Melville Island produces sixty-seven species of 
flowering plants, and Spitzbergen forty-five. Greenland, 
though it extends to the south of the arctic circle, has a 
truly arctic flora. In some sheltered spots the service- 
tree and birch will grow to the height of a few feet, but the 
woody plants in general trail upon the ground. The chief 
vegetation consists of lichens, mosses, and stunted grass. 

It should be noticed that though the tops of mountains 
in Southern Europe, and even within the tropics, may have 
the same average temperature as pla(ies within the arctic 
circle, yet there is one very important difference. In high 
latitudes the cold is owing to the absence of the sun during 
a great portion of the year, and to the obliquity of his rays 
when present ; on the top of Alpine chains it is owing to 
elevation. The direct rays of the sun are much fiercer in 
the Alps than in Spitzbergen, even though we make due 
allowance for the time during which in the arctic lands 
the sun is above the horizon. Hence it follows that, 
although we may find certain Alpine plants common to the 
Alps and the arctic regions, they will be much larger in 
the former locality than in the latter* These remarks 
apply with still greater force to the mountains within 
the tropics. IJhododendrons are common to the north of 
Europe, the Alps, and the Himalayas. In the first locality 
they appear as low stunted shrubs ; in the Alps as bushes ; 
while on the Himalayas they are magnificent trees: the 
more abundant the rays of the sun the greater is the 
amount of vitality in organic life. 
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Temperate regions of Enrope and Asia. — ^The plants of 
Iceland are almost identical with those of Great Britain, 
but are much less in number, only about one in four being 
found there. Out of 870 species more than one-half are 
flower-bearing. The cerealia, however, cannot be culti- 
vated on account of the extreme cold. In Lapland and 
the north of Kussia, large tracts are covered with birch 
trees. Prodigious forests of pine and fir clothe the 
mountains of Scandinavia and a large part of European 
Russia. Social plants, such as grass, heath, broom, and 
furze, abound in many parts of the north temperate regions. 
In the steppes of Europe anc|, Asia the soil generally con- 
sists of a coating of thin soil upon clay ; hence they are 
destitute of trees, and bushes are rare, except in ravines. 
Hyacinths, mignonette, asparagus, liquorice, and wormwood 
grow in the European steppes ; the two latter are charac- 
teristic. The Siberian steppes are bounded on the south 
by large forests of pine, birch, and willow ; and the Altai 
Mountains are clothed almost to their summits with these 
trees, and with poplars, elms, and pines. On the banks of 
the Yenesei the Siberian pine, with edible seeds, grows 
120 feet high. Forests of black birch are peculiar to the 
Daourian Mountains, where also kpricots, apple-trees, 
and rhododendrons grow in favourable situations. The 
greater part of Central Asia is covered with a thin cover- 
ing of grass intermixed with prickly shrubs, among which 
the Caragona or Tartarian furze is common. In the de- 
pression about Lob Nor, however, cotton, maize, and rice, 
along with the fruits of Southern Europe, are grown. 
The plateau of Thibet is covered with extensive pastures. 
Trees are not numerous, but on the lower declivities of the 
hills poplars, birch, walnut, willows, and juniper are met 
with. The vegetation of Central Europe is similar to that 
of the British Islands : deciduous trees are the great charac- 
tenstic of this part of the great continent. 

The Mediterranean region embraces the countries of 
Europe south of the great mountain-chain, Asia Minor, 
the north of Africa, and the Madeiras and Canaries. This 
region is, as we have already noticed, distinguished by its 
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aromatic plants and evergreen trees. Many of the choicest 
plants and flowers which adorn our gardens are indigenous 
here, among which are the anemone, mignonette, narcissus, 
gladiolus, iris, asphodel, and carnation. Here also tropical 
families begin to appear in the oleander, date, and palmetto 
palms, and in the aloe and cactus. The Draccena draco 
is peculiar to the Canary Islands ; and one of these trees, 
which is 75 feet high, is thought by some to be the oldest 
tree in existence ; it is known to have been an object of 
great antiquity as far back as 1402, and it still bears 
blossoms and fruit. 

The Arabian region, which includes also the plateau 
of Iran, is characterized by its balsam trees, such as the 
mimosa, acacia, balsamodendron, and amyris or " balm of 
Gilead.*' Myrrh is supposed to come from a plant called 
kataf. Frankincense is the produce of the Boswellia ser- 
rata ; gum-arabic is derived from a species of acacia. 
Numerous species of the fig-tree, coffee-plant, and senna 
are also products of this region. The date palm is the 
great food-plant in this part of Asia. Arabia also con- 
tains many species and genera of Abyssinian plants, includ- 
ing stapelias and some other representatives of the flora of 
the Cape of Good Hope. 

Indian Flora. — The Himalaya Mountains form a distinct 
botanical centre. Immediately below the snow-line Arctic, 
Siberian, Alpine, and European forms appear. Lower down 
European forms are universal, though the species are Indian. 
Here we meet with the pine, oak, cedar, and maple ; scarlet 
rhododendrons grow luxuriantly, and the ranunculus, nas- 
turtium, and veronica mix with the rich vegetation. At 
an elevation of about 5000 feet the vegetation becomes 
tropical. The native fruits of India are numerous: the 
orange is almost exclusively of Indian origin ; the vine 
grows wild in the forest ; the plantain, banana, and mango ; 
the date, areca, palmyra, and cocoa-nut palms are all Indian. 
The palms are the most graceful of all the productions of 
the tropics, and in India they are found in forests, in groups, 
and in single trees. They vary in height from the slender 
calamus of 130 feet to the Phoenix acauUsj not more than 
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three feet high. Trees of the fig tribe grow to a remark- 
able size in India ; a banyan tree, or ficus Indica, in the 
province of Guzerat, has 350 main stems, and covers an 
area 2000 feet in circumference. The ginger tribe form a 
distinguishing feature of Indian botany. 

Many of the productions of India beyond the Ganges are 
the same as other parts of India, mixed with plants re- 
sembling those of the Indian Archipelago. The Arang, 
an ugly palm with a trunk covered with black hair, is 
peculiar to the Malay Peninsula. The cycadse, which 
resemble dwarf palms, but have no real affinity to them, 
are found in all parts of India. The Palmyra palm and 
the Borassus^ a magnificent tree said to grow 100 feet high, 
and to produce leaves large enough to shelter twelve men, 
grow in extensive groves in the valley of the Irawaddy. 
OrchidesB and tree-ferns are innumerable. Teak is plentiful 
in the Birman empire and on the coast of Malabar. The 
vegetation of Ceylon is very luxuriant, and among its 
characteristic plants are the cocoa-nut palm, the cinnamon- 
laurel, and the sandal- wood tree. 

Eastern Asia. — In Manchuria and the vast mountain- 
chains which bound China Proper on the west, the plants 
generally are of European genera, but of Asiatic species. 
Here the buckthorn and honeysuckle are so numerous as 
to give a special character to the vegetation. Mixed with 
these and with wild roses are thickets of azaleas covered 
with dazzling blossoms. The tea plantj a species of 
camellia, grows in many parts ; the finest is the produce 
of the provinces of Quantung, Fokien, and Che-kiang, on 
the south-east coast of China. There seem to be two 
varieties — the Thea viridis and the Thea bokea ; but both 
black and green tea may be obtained from either, the 
difference being caused by the mode of preparation. The 
tallow-tree, the camphor-laurel, and the westeria are natives 
of China. The vegetation of the Japan Islands resembles 
that of China. Itice, which requires a warm and moist 
climate, is the great food-plant of eastern and south- 
eastern Asia, as the date is of the countries in the south- 
west. 
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The Indian Archipelago.— The vegetation of this region 
resembles that of tropiccd India and Ceylon, but is still 
more abundant. The coasts of the various islands are 
lined with thickets of mangroves; the interior with a 
matted vegetation of forest trees, bamboos, and coarse 
grass, entwined with climbing and creeping plants, and 
overgrown by myriads of parasites. This is the special 
region of spices^ as Arabia is of perfumes. The nutmeg 
and mace plant are confined to the Banda Islands ; the 
myrtle, whose flower-buds are picked and exported as 
cloves, is a native of Amboyna and the Moluccas; and 
various species of cinnamon, cassia, and pepper plants 
grow in the Archipelago. This, also, is the region of the 
most deadly vegetable poisons. The upas-tree of Java is 
a kind of nettle, and there is another nettle in Timor, 
called by the natives the " Devil's leaf," whose sting often 
produces death. The forest trees of this region are ex- 
tremely numerous ; palms are more abundant than in any 
other part of the Old World. Borneo and the adjacent 
islands are the region of the Dryohalanops camphora, in 
the stems of which beautiful amber-coloured crystals of a 
costly kind of camphor are found. There are also thickets 
of the pandanus, or screw-pine, which resembles a gigantic 
pine-apple. Sumatra produces, in the Rafflesia Amoldij 
the largest flower in the world. It is a parasitical plant, 
consisting of nothing but a flower, which springs out of 
the prostrate stems of a gigantic vine. The flower, which 
smells of carrion, is three and a half feet in diameter, and 
weighs fifteen pounds. The gutta-percha tree is found 
growing in Singapore, Borneo, and other islands, where 
it is one of the largest timber trees ; its light spongy wood, 
however, is of little value. The milky juice, from which 
gutta-percha is made, is found between the bark and the 
wood. The higher portions of this region^ where the 
altitude exceeds 5000 feet, has a flora of its own, allied to 
that of the higher parts of India. Here the tropical 
vegetation gives place to oaks, rhododendrons, magnolias, 
maples, and honeysuckles; but the species are cQfierent 
from those of Europe. 
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AMca. — ^The vegetation of the north coast of Africa 
resembles that of Southern Europe. The southern base 
of the Atlas Mountains seems to be the native home of 
the date-palm^ whence it has been introduced into Arabia 
and Persia. It is cultivated throughout the Barbary States 
and in the oases of the Sahara, and forms the staple food 
of the inhabitants. Stunted plants are the only produce of 
the desert, but large tracts are covered with a harsh kind 
of grass, which affords food for ihe camels. The commoner 
plants of Egypt are acacias, tamarisks, the lotus, jujube, 
and various mesembryanthemums. On the west coast of 
tropical Africa the date-palm gives place to the palm-oil 
tree. Here also flourishes the huge baobaby which, though 
only about 50 or 60 feet high, has a trunk which is some- 
times 30 feet in diameter. It has an umbrella-shaped top of 
green leaves, and the trees grow so close together that a 
forest viewed at a distance resembles a green field. The 
Pandanus Candelabrum, another product of this region, is 
a solitary tree with long forked branches ending in tufts of 
stiff leaves. Various trees of the Sapota order are peculiar 
to Africa, among which may be mentioned the butter- tree, 
the star-apple, the cream-fruit, the custard-apple, and the 
water- vine — all of which are plentiful in Senegal and Sierra 
Leone. The bread-fruit of Polynesia is represented hero by 
the musanga, a large tree of the nettle tribe, the fruit of 
which has the flavour of a hazel nut. 

From the discoveries of Du Chaillu and Livingstone we 
learn that the western half of Central Africa is covered with 
primeval forest, except where it has been cleared round the 
native villages. On the eastern side, on the contrary, tlie 
country has a park-like scenery, and is well cultivated. 
The district to the south of the Gulf of Aden is celebrated 
for its cinnamon, myrrh, cassia, and other aromatic plants. 
Coffee is believed to be a native of Kaflfa, a province south 
of Abyssinia, where it is said to grow in dense thickets : 
it was introduced into Arabia at the end of the filiteenth 
century. To the west of the Nyassa Livingstone met with 
vast dripping forests, where the only food to be obtained 
was huge mushrooms, Yfldlcld ^t^w in great abundance. The 
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desert of Kalahari is distinguished by the number of its 
plants having tuberous roots, from which the natives ex- 
tract a cooling liquid in the hottest seasons. 

We have already referred to the flora of Cape Colony. 
The stapelias, with leafless stems and flowers like star-fish, 
are found chiefly in the arid tracts on the west coast. In 
the eastern parts of the colony are extensive tracts covered 
with " bush." The most common plants of the bush are 
aloes of many species. Here also are the succulent euphor- 
bias, which represent the cactus tribe of the New World, 
and the cycadse, resembling dwarf palms. Various species 
of acacias are indigenous to this locality. Among the 
plants most generally difiused throughout the colony, 
besides heaths, are many beautiful species of the oxalis, or 
wood-sorrel; almost every species of the gladiola, ixias 
innumerable, one of which has petals of an apple-green 
colour; geraniums, and terrestrial orchidese, with large 
and showy blossoms. There are also in this region 133 
species of the house-leek tribe. The stiver tree, which 
forms groves at the back of Table Mountain, is confined to 
the peninsula of the Cape. This part of Africa is generally 
deficient in timber : none of the trees which are indigen- 
ous attain any great elevation. 

The vegetation of Madagascar resembles in some respects 
those both of India and Africa ; it has, however, its own 
character. Among native productions may be mentioned 
the lattice-leaf, an aquatic plant with only the skeletons of 
leaves, having no green substance between the veins ; and 
the Tanghinia veneniflua, which produces a poison so deadly 
that its seeds are used to execute criminals. Madagascar, 
Mauritius, and Bourbon, are rich in ferns, and the screw- 
pine abounds in the two latter. The Seychelles is a small 
group lying to the north of Madagascar, and one of the 
group contains groves of the coco-de-mer, or double cocoa- 
nut, a palm peculiar to the island. 

North America. — ^The flora of the North American con- 
tinent, from the Arctic region to the 36th parallel, diflers 
from that of corresponding latitudes in Europe in the 
paucity of umbelliferous, cruciferous, and cynoracephalous 
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plants, in the absence of heatbs, and in the abundance of 
asters and solidagos. Boundless forests of black and white 
spruce, with an undergrowth of reindeer moss, cover the 
country immediately south of the Arctic region. In Canada 
are vast forests of pines, oak, ash, hickory, red beech, birch, 
the Canadian poplar, and the sugar maple. The splendour 
of the North American flora, however, is chiefly displayed 
in the eastern States, where, mingled with an under- 
growth of kalmias, rhododendrons, azaleas, hydrangeas, 
and other plants, we meet with the American sycamore, 
chestnut, black walnut, hickory, white cedar, red birch, the 
locust-tree, and the tulip-tree, as well as many peculiar and 
magnificent species of the oak, ash, and pine. The gor- 
geous colouring of the American forests in autumn is well 
known. 

South of the parallel of 3&* is the region of magnolias, 
which corresponds to the Mediterranean region of the Old 
World, but Offers from it in the paucity of aromatic plants. 
In consequence, also, of the climate being hotter in sum- 
mer, and more humid, its vegetation has a more tropical 
character. A few dwarf palms appear among the mag- 
nolias, and the forests of Florida and Alabama are hung 
with air-plants. 

The prairies of North America, which extend from the 
Mississippi to the Rocky Mountains, are covered with grass 
and flowers, but timber is scarce. When the mountains 
are reached timber is again met with, and their western 
slopes are thickly clothed with magnificent trees. The 
forests of British Columbia contain the cedar, pine, birch, 
maple, and hazel; the wild-rose, sweet-briar, and berry- 
bearing bushes are also numerous, and cranberries form 
an article of export to San Francisco. The forests of 
Sierra Nevada have a wide variety of oaks, pines, firs, 
cypresses, and cedars. Among these is the mammoth- 
tree, or Wellingtonia, which sometimes exceeds 300 feet in 
height, with a circumference, near the ground, of more 
than 100 feet. This region is remarkable also for the 
beauty and brilliancy of its flowers. It is the native soil 
pf the currant-bushes, with red and yellow blossoms, of 
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many varieties of lupins, peonies, nemophilas, eschscholt- 
zias, and numerous others, which have become the pride 
of our gardens. The eschscholtzia produces a rich golden 
flower, which is said to be so sensitive that it closes with 
the passage of a cloud. 

Central America. — The lowlands of Mexico and Cen- 
tral. America have a rich flora, with many plants peculiar 
to this region. Among the forest trees are many valuable 
for their timber, among which may be mentioned log- 
wood and mahogany. The tobacco-plant, indigo, Ameri- 
can aloe, yam, and capsicum, are indigenous ; and maize, 
or Indian com, is believed to have come originaUy from 
Mexico and South America. There are large fields of 
the American aloe, from which both a fermented liquor 
and an ardent spirit are made. The ancient Mexicans 
made their hemp and paper from this plant. Much of the 
vanilla which is used in Europe comes from the states of 
Vera Cruz and Oaxaca, on the eastern slope of the Cor- 
dillera of Anahuac. Hot arid tracts are covered with the 
cactus tribe, and the cochineal was collected by the natives 
from the cactus coccinellifer long before the discovery of 
America. The flora of the West India Islands is similar 
to that of the adjacent continent, but here ferns and or- 
chidaceous plants also prevail. The pimento mjrrtle, the 
guava, and tobacco are indigenous. The arrow-root plant 
is also a native of the West India Islands. The flour is 
the produce of the roots of two plants, natives of Ber- 
muda and Jamaica. It derives its name from the belief 
that the juice of the root was an antidote to the poisoned 
arrows of the Indians. The Highlands of Mexico pro- 
duce alpine plants, oaks, pines, the chestnut, and the 
cypress. 

Tropical America. — ^This region, with its hot and moist 
climate, is the special region of palm-trees. It is also 
distinguished by the leafmess of its vegetation. On the 
streams of Guiana floats. the Victoria lilyj whose white 
and rosy corolla, 15 inches in diameter, rises from the 
midst of a group of immense circular leaves, a single one 
covering a space six feet in diameter. The magnificent 
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forests of the Amazon and Upper Orinoco contain trees 
covered, and in some cases stifled, with masses of para- 
sitical creepers, orchideas and epiphytic cactuses, or with 
climbing lianas, such as the bignonia and passiflora. Mrs 
Somerville, to whom we are indebted for much of the 
information contained in this chapter, thus describes the 
sejvas of the Amazon : — 

" No language can describe the glory of the forests of 
the Amazon and Brazil, the endless variety of form, the 
contrasts of colour and size. There even the largest trees 
bear brilliant blossoms ; scarlet, purple, blue, rose-colour, 
and golden yellow, are blended with every possible shade 
of green. Majestic trees, as the Bombax ceiba (or silk- 
cotton tree), the dark-leaved mora with its white blossoms, 
the fig, cashew, and mimosa tribes, which are here of un- 
wonted dimensions, and a thousand other giants of the 
forest, are contrasted with the graceful palm, the delicate 
acacia, reeds of 100 feet high, grasses of 40, and tree- 
ferns. PassiflorsB and slender creepers twine round the 
lower plants, while others, as thick as cables, climb the 
lofty trees, drop again to the ground, rise anew, and 
stretch from bough to bough, wreathed with their own 
leaves and flowers, yet intermixed with the vividly-coloured 
blossoms of the orchidese." [Physical Geography,) 

Many parts of the coast of Venezuela and Guiana are 
rendered unhealthy by swamps covered with mangroves. 
The cow-tree^ almost confined to the mountains on the coast 
of Venezuela, yields an abundance of nutritious milk. The 
llanos of Venezuela and Guiana are covered with grass, 
mixed with lilies and other bulbous . flowers, with occa- 
sional palms and mimosas. The mandioca or cassava, from 
which tapioca is made, is a native of this region. It is 
found for a breadth of about thirty degrees on each side of 
the equator, and to the height of 3200 feet above the sea- 
level. The tree yielding cacao, of which chocolate is made, 
grows wild in the forests of Bolivia and Peru, and in 
Venezuela and Guiana. In this region also is found the 
Siphonia elasttca, or indiarubber-tree. The coca leaf, chewed 
by the natives as a stimulant, is obtained from the eastern 
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slope of the Andes of Peru and Bolivia ; and in Guiana 
grows the Strychnos toxicaria^ probably the most deadly 
plant in existence. 

The indigo plant and cacao cannot be cultivated at a 
higher elevation than 2000 feet ; coffee-trees and palms 
extend to 5000 feet; and arborescent ferns 2000 feet 
higher. Above this height is the zone of forest trees, and 
then we come to the region of coriaceous-leaved plants in 
perpetual bloom and verdure ; still higher, and extending 
to the limit of vegetation, are numerous alpine plants, with 
brilliant purple, azure, and scarlet flowers. The region of 
the cinchonas, which extends from 5° to 20*' south latitude, 
has already been noticed. This valuable tree has been 
transplanted into Java, Jamaica, and Hindostan. 

Extra-tropical South America. — The forests on the 
banks of the Paraguay and Yermejo are almost as rich 
as those of the tropics. The algaroba, a kind of acacia, 
produces clusters of a bean, of which the Indians make 
bread and also a strong fermented liquor. Large forests 
oi the Araucaria imhricata grow on the Andes of Chili and 
Patagonia. This handsome pine, with cones the size of a 
child's head, supplies the natives with a great part of their 
food. The deserts of the Gran Chaco produce the cactus 
in all its varieties. Some species afford a light and durable 
timber, and one supports the cochineal insect. The yerha- 
matSj St, species of holly, supplies a kind of tea, which is 
universally used in South America. The potato is indi- 
genous to Chili. In its wild state the root is small and 
bitter, and is seldom found more than 400 feet above the 
sea. It was cultivated in America at the time of its dis- 
covery, and is now found on the Andes at the height of 
10,000 or 12,000 feet. The islands of Tierra del Fuego 
are covered with forests, and the group is remarkable for 
its abundance of evergreen plants. There is a greater 
number of plants in ti^ese islands, either identiccd with 
those of Great Britain or representative of them, than exists 
in any other country in the southern hemisphere. 

Australia contains a distinct botanical region, charac- 
terized by Eucalypti and Epacridese. The Eucalypti 
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belong to the myrtle family, and include the gum-tree, 
the MetrosideroSj and others, some of which bear splendid 
blossoms, white, purple, yellow, and crimson. The Epa- 
crideae, with scarlet, rose, and white blossoms, represent 
the heaths of South Africa. This region also resembles 
that of South Africa in the number of its ProtesB. Nearly 
one half of the known species of this remarkable order 
grow in the parallel of Port-Jackson, from which they 
decrease in number, both to north and south. The leaf- 
less acacias, of which there are nearly 100 species, also 
form a prominent feature in the landscape of South Aus- 
tralia. The vegetation of the north coasts is more tropical 
in character : a few palms, various species of the nutmeg 
tribe, sandalwood, and other trees characteristic of the 
archipelago, are here met with. Taken as a whole, there 
is little appearance of verdure in Australia, except in the 
valleys of the eastern mountains : the grass is thin and the 
foliage poor. The most beautiful tree is an arborescent 
fern, which grows to the height of fifteen feet, and then 
shoots out its enormous leaves in every direction. The 
blue gum is a magnificent tree, sometimes reaching a height 
of 300 feet. The flowers of Australia are beautifully tinted, 
but generally without perfume, while aromatic plants are 
numerous. Scarcely any edible fruits are indigenous to 
the continent. 

The flora of Tasmania is almost identical with that of 
south-eastern Australia ; two tree-ferns grow in the island, 
and orchidaceous plants are numerous. 

New Zealand is remarkable for its pines and ferns. 
Here there are no representatives of our oak, birch, or 
willow; but several species of beech and coniferae are 
peculiar to the country. The kauri pine is found only in 
North Island. The Metrosideros tomentosa, with rich scar- 
let blossoms, is one of the greatest ornaments of the coasts. 
One species of palm only, the Areca sapida, is met with. 

Oceanica forms a distinct botanical region, the char- 
acter of the vegetation being partly Asiatic and partly 
Australian. The cocoa-nut palm and the pandanus, or 
screw-pine, are common to all the islands. Fifty varieties 
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of the bread-fruit tree are indigenous ; it is most abundant 
in the Friendly, Society, and Caroline groups. In the 
Sandwich Islands nearly one-third of the vegetation con- 
sists of ferns ; and these islands are remarkable for the 
number of lobelias. In common with the Australian flora 
we find in this region species of casuarinae, proteaceae, 
epacridacese, and acacias. The flora of the Galapagos 
Islands is very remarkable. It has no analogy to that of 
Polynesia, but resembles that of South America. Out of 
180 plants that have been collected here, 100 are not met 
with elsewhere. 

Marine Vegetation. — Marine plants consist of two 
groups : a jointed kind, which includes the confervse, or 
plants having a thread-like form ; and a jointless kind, such 
as the weeds used for the making of kelp, iodine, and 
glue. As the various depths of the ocean differ from each 
other in pressure, and in the amount of light and heat they 
receive, so do they in the character of marine vegetation ; 
hence there is a horizontal and vertical distribution in 
marine as in terrestrial vegetation. It was supposed 
until recently, that plants did not exist at any consider- 
able depth in the ocean, owing to the ^.bsence of sun-light ; 
but it seems probable that there is organic life in the 
deepest part of the sea. 

Marine vegetation differs from that of the land in this 
respect, that, so far as is at present known, it is more 
abundant in temperate regions than between the tropics. 
One or two species bear flowers, but the most are crypto- 
gamic. Some plants are remarkable for their size and the 
extent of their range. The Maxrocystis pyrifera exists in 
vast detached masses, like green meadows, in every lati- 
tude from the Antarctic Ocean to the parallel of 45° north 
latitude ; individual plants sometimes attain a length of 
700 feet. Sea- weeds derive all their nourishment from 
the water, hence it is not necessary that they should have 
roots. Many species attach themselves to stones, but 
others are provided with air-bubbles to float them, and 
exist permanently on the surface. This is the case with 
those which form the various sargasso seas. 
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There is a species of marine vegetation which is so 
minute as to be scarcely visible to the naked eye. Where 
very abundant it gives a pale-brown appearance to the 
surface of the sea. When examined by the microscope, 
the plants are found to consist of small groups of cells 
which multiply with great rapidity. They increase in 
numbers with the latitude up to the highest point reached 
by man. These diatomacece^ as they are called, are met 
with everywhere, from Victoria Land to Spitzbergen ; and 
so abundant are they in the Antarctic Ocean, that they are 
forming a submarine bank of flint out of the silica which 
they extract from the sea water. A similar deposit has 
been found in the North Atlantic between Greenland and 
Labrador. 
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CHAPTEE XXIIL 

Animals. 

Animals depend in a great measure upon plants for 
food ; and even where this is not the case, they seem to 
be affected in a similar way by varieties of climate. Thus 
the development of animal as well as vegetable life— except 
in the case of marine animals — increases in energy and 
variety from the poles to the tropics. It has been noticed, 
also, that animal life decreases as we recede from the 
coasts to the interior of continents. Where the climate is 
less humid, vegetation will be less abundant, and thus 
there is less support for animal life. But though the 
interior of a continent may be less prolific than the mari- 
time districts in species of animals, the individual forms 
are generally better developed and of greater strength and 
beauty. For it has been found that while a moist and 
warm climate is best adapted to vegetation, a hot and dry 
climate brings animal life to greatest perfection. Thus 
the New World is distinguished for the luxuriance and 
leafiness of its vegetation, but it is (at inferior to the Old 
World in the number and size of its animals. There is 
also among animals, as among plants, a vertical as well as 
horizontal distribution. The chamois is confined to the 
higher regions of the Alps; the llama and alpaca are 
found only on the summits of the Andes. 

But though the general distribution of animals seems to 
be regulated by certain well-defined laws, yet we notice 
the same evidence of certain local centres as was observed 
with respect to plants. Nor can we explain this fact by 
supposing that the soil and climate of one region are un- 
suited to the indigenous animals of another* On the 
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contrary, the animals of one region, when introduced by 
man into another of a similar climate, are usually found 
to multiply with extraordinary rapidity. The pampas of 
South America swarm with wild cattle and horses, the 
descendants of breeds introduced from Europe ; and oxen 
and sheep introduced into Australia have multiplied into 
vast herds and flocks. One of the most remarkable 
examples of the limitation of a species to a particular 
district is afforded by the tsetse fly of South Africa. The 
bite of this insect is fatal to the horse, ox, and sheep ; for- 
tunately the infested area is limited — sometimes the boun- 
dary is a river, in other cases there is no natural boundary, 
yet the limit is so well deflned that for a horse to cross a 
well-known line is certain death. 

That animals, however, as well as plants, do migrate, is 
well known. Among the quadrupeds of Europe there is 
no family peculiar to the continent. Most of them were 
derived probably from Asia, and some, as the Gibraltar 
monkey for example, from Northern Africa. All the 
quadrupeds indigenous to Great Britain, together with 
the hyena, tiger, bear, and wolf, whose bones have been 
found in caverns in this country, seem to have migrated 
from Germany. Ireland was probably separated from 
Britain before all the animals reached it ; hence the 
absence in that island of the squirrel, mole, dormouse, and 
several other small quadrupeds. 

The present races of plants and animals are the de- 
scendants of those which flourished in geologic ages, and 
whose remains we now find in a fossil state ; so that we 
must look to geology for an explanation of the present 
distribution of organic life. Throughout the vast periods 
which preceded the advent of man, we find that the 
climate and other external conditions of the earth were 
undergoing gradual changes, and that vegetation and 
animals underwent corresponding changes. Whether 
there were successive creations, or whether animals and 
vegetables sprang originally in each case from a single 
species, and were enabled to adapt themselves gradually 
to the changes tVvat toot ^\«»a^^ wv^ so to pass into new 
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species, is a question rather for the naturalist than the 
geographer. It is sufficient for our purpose to know that 
a real distribution both of plants and animals had taken 
place before the close of the tertiary period, and hence 
we account for certain well-defined habitats which we now 
observe. In Australia and South America the existing 
races bear a close analogy to the extinct races, the fossils, 
however, being generally much larger ; while in Europe 
and Asia, the diflference between the existing and extinct 
forms is very marked. This arises mainly from the fact 
that many large animals have become extinct in the old 
continent since the close of the tertiaries. From the 
evidence afforded by flint implements found in drift de- 
posits, it would appear that the Irish elk, the mammoth, 
and the hairy rhinoceros were probably at one time co- 
existent with man. 

Zoological Begions. — The animals of any particular 
region are called its fauna^ just as the plants form its 
flora ; and just as the globe has been mapped out into 
botanical centres, so has it been divided into zoological 
regions. Mr Wallace divides the whole globe into six 
regions, each of which contains four sub-regions. Under 
the term Palsearctic he includes the whole of Europe, 
Africa north of the Sahara, and the greater part of Asia. 
This region he supposes to be the birthplace or cradle of 
all the animals now existing, and from this region they 
have migrated to different parts of the world. The south- 
east of Asia, embracing Hindostan, Further India, and a 
portion of the Archipelago, is termed the Oriental region. 
This district is especially rich in Camivora. Australia, 
Tasmania, the islands stretching from New Guinea to New 
Zealand, and the small groups of Polynesia, form another 
region, distinguished by the presence of marsupial ani- 
mals, and by the absence of the orders of quadrumana, 
pachydermata, and ruminantia. 

A part of the Indian Archipelago belongs to the pro- 
vince of Southern Asia, another part to that of Australia. 
The division is a deep channel running nearly south-east 
north-west, beginning with the narrow strait which 
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separates the islands of Bali and Lombok, and ranning 
between Borneo and Celebes. 

The Ethiopian region includes Africa, Madagascar, 
Mauritius, and Bourbon, and is marked by the abundance of 
iia pachyderms. More species of this order exist in Africa 
than in any other part of the globe, and some are peculiar to 
it, as the huge hippopotamus, the double-homed rhino- 
ceros, and a species of elephant. Madagascar, however, 
contains neither ruminants nor pachyderms, but is remark- 
able for a species of the monkey tribe called lemurs. The 
continent of America is divided into the Neotropical and 
the Nearctic regions, the former including Central and 
South America. Tropical America is exceedingly rich in 
birds, reptiles, and insects. South America is remarkable 
for the order of Edentata, or toothless animals, the number 
of species being almost three times as many as are found 
in Asia, Africa, and Australia put together. 

The animal kingdom is divided into two great divisions : 
vertebrata, including all animals which have a back-bone, 
and mvertebrata. The vertebrata are subdivided into 
mammals, birds, reptiles, and fishes ; the invertebrata into 
mollusca, articulata, and radiata. It is almost impossible 
to estimate the total number of species belonging to the 
animated creation ; but those belonging to the articulata, 
which includes worms and insects, seem more numerous 
than all the rest taken together. 

Mammalia. — ^This class is divided into eight orders: 
Quadrumana, Marsupialia, Edentata, Pachydermata, Car- 
nivora, Bodentia, Ruminantia, and Cetacea. The Quad- 
rumanay or monkeys, are found for the most part in the 
tropics ; one species only is found in Europe, and one only so 
far north in Asia as the Isle of Niphon, in latitude 38**. The 
gorilla, the most formidable of the apes, is found on the 
west coast of Africa ; the chimpanzee, the most gentle and 
intelligent, inhabits the forests of Western Africa, from 
Gambia to Cape Negro ; the orang-outang is a native of 
Sumatra and Borneo. There are two principal groups 
among American monkeys ; the sapajous, with prehensile 
tails, by which they suspend themselves and swing from 
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bough to bough ; and the marmosets and squirrel monkeys, 
which inhabit the banks of the Orinoco and the forests of 
Brazil. The marmosets are pretty little animals, about 
seven or eight inches long, and easily tamed. The lemurs 
of Madagascar live almost entirely in. trees, and are most 
active in the night. The fur is soft and woolly, and the 
form of the face somewhat like that of a fox. 

The Marmpiah constitute the great majority of the 
mammalian species of Australia ; one genus, the opossum, 
is found in America, about seven species in the Indian 
Archipelago, but in no other part of the Old World. There 
are several species of the oposmrriy and they range over 
the continent of America from Canada to the parallel of 
SG"" south. Some are no larger than a rat, and they 
mostly live in trees ; one is aquatic, resembling a small 
otter, and appears to be peculiar to French Guiana. The 
opossums are distinguished from the Australian marsu- 
pials by having long prehensile tails, and by their greater 
agility. In Australia the pouched tribe vary in size from 
that of a large dog to a mouse. The kangaroo is the 
genus best known. 

Edentata, — ^The genera of edentata, or toothless animals, 
are eight in number, and are equally divided between 
America and the rest of the world ; but while the number of 
species in America is twenty, Australia and the Old World 
only contain eight. The sloths live entirely in trees, and 
chiejfly inhabit the Brazilian forests ; the ant-eaters extend 
as far south as Buenos Ayres ; the armadillos, to 43'' south 
latitude. Among the African and Asiatic edentata the 
scaly ant-eaters have the widest range, being found in 
Senegal, north-east India, China, and the Eastern Archi- 
pelago. Australia possesses two genera, the echidna, or 
porcupine ant-eater, and the omithorhynchus ; they appear 
to be links connecting the edentata with the pouched 
tribe, and the mammalia with oviparous animals. The 
ormihorhynchus is an aquatic, egg-laying mammal, with 
the body of an otter and the bill of a duck. It bur- 
rows in the banks of rivers and seldom leaves the 
water, feeding on insects and seeds in the mud. The 
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echidna is similar in its general structure, but different 
in external appearance, being covered with spines like 
the porcupine. It is a burrowing animal, and sleeps 
during winter. 

Pachydermata. — Of the nine genera belonging to this 
order, none are found in Australia, and only one — that of 
the wild hog — is indigenous to Europe. The horse is 
supposed to have existed wild in the plains of Central 
Asia, where the wild ass is still met with. The elephant 
is limited to Southern Asia, the Archipelago, and Central 
and Southern Africa. The rhinoceros has nearly the same 
range: the hippopotamus is exclusively African. In 
America the only indigenous kinds are the tapir, and two 
species of peccary. 

The Camivora is a very large class, embracing about 60 
genera and above 500 species. The only animal belong- 
ing to this class found in Australia is the dingo, or wild 
dog, which is supposed to be a descendant of the Papuan 
dog of New Guinea, Asia is especially rich in carnivorous 
animals, of which the royal tiger is the most beautiful and 
most formidable. Its favourite haunt is the jungles of 
Hindostan, but it has been found as far west as Mount 
Ararat, and as far north as the Obi. It is not found in 
Ceylon nor on the continent of Africa. The hyena is 
found all over Asia except in the Burmese empire, where 
there are neither wolves, hyenas, foxes, nor jackals. 
Lions, panthers, leopards, hyenas, and jackals are numer- 
ous throughout Africa. The cat tribe is represented in 
America by the puma and jaguar ; the home of the latter 
is in the deep tropical forests, but it is occasionally 
found as far north as Canada. Most camivora, except 
bears and wolves, are confined to tropical countries. The 
polar bear, which dwells within the arctic circle, and the 
grisly bear, which inhabits the North American forests, 
are the largest and most formidable of this genus. One 
division of carnivorous animals is the insectivora, which 
includes hedgehogs, moles, and bats. Some bats, how- 
ever, which are met with in the Indian Archipelago, live 
on fruits. The vampire of the West Indies and South 
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America is a formidable animal; it sucks the blood of 
animals, and occasionally of man, during sleep. 

The Rodentia consists of a number of genera allied to 
the squirrel, mouse, porcupine, and hare, respectively. 
Among the most remarkable of the rodentia are the beavers 
and porcupines. The former, classed along with squirrels, 
are found in Europe and North America : the porcupine is 
a native of South Europe. The Indian Archipelago is re- 
markable for its flying quadrupeds, and among them are 
flying squirrels, especisdly in Java. In South Ainerica the 
agouti, which ranges from Patagonia to Guiana, repre- 
sents the hare. Guinea-pigs are found in Brazil and on 
the table-lands of the Andes. The beautiful chinchilla^ 
valued for its far, is also an inhabitant of the Andes. The 
best fur is collected in the provinces of Potosi and Copiapo. 
The largest of all the rodentia, the myopotamm^ inhabits 
the banks of the great rivers of tropical America, where its 
habits are said to resemble those of the hippopotamus. 
The prairie dog of North America is a barking rodent. 

The Euminantia include the following genera : camels, 
llamas, musk-deer, deer, giraffes, antelopes, goats, sheep, 
oxen. The camel, musk-deer, and giraffe are not found in 
the New World ; there is only one species of antelopes — 
the prongbuck ; and with the exception of deer, all the 
other genera are poorly represented. Of camels there are 
two species, distinguished by their humps. The Bactrian 
camel, with two humps, is strong, rough, and hairy; and is 
said to be found in a wild state in the desert of Shamo. 
The dromedary, celebrated for its swiftness, is supposed to 
have come originally from Arabia, but it only exists now 
in a domestic state. The Llama embraces four species : 
the llama, alpaca, vicufia, and guanaco. The llama in- 
habits the neighbourhood of Lake Titicaca, and was the 
only beast of burthen known to the ancient Peruvians ; the 
alpaca dwells on still more elevated sites than the llama ; 
the vicuna also inhabits the Andes, but exists only in a 
wild state, though it is easily tamed ; the guanaco is also 
found in a wild state. It is met with in large flocks on the 
Bolivian and Chilian Andes, and has been seen as far south 
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as the Stridt of Magellan. All these animals are covered 
with a fine wool. The musk-deer inhabits the countries 
of central and south-eastern Asia,— China, Mongolia, and 
Thibet. Among deer, the most useful is the rein-deer, 
which is met with far within the polar circle. There are 
two species of giraffes, both confined to Africa. The ante- 
lope, though represented in Europe by the chamois, in 
America by the prongbuck, and in Asia by about a dozen 
species, is par excellence an African animal. Seventy species 
have been described as belonging to this continent, and 
they are of every size, from one about the size of a hare to 
the eland, which is larger than an ox.' Among the goats 
may be mentioned the ibex of Southern Europe, the 
Angora goat of Asia Minor, and the shawl-goat of Gash- 
mere. The sheep domesticated in Europe would appear to 
be traceable to Western Asia, where, as well as in Africa 
and Central Asia, it is found wild under the name of 
argali. Among oxen may be mentioned the buffaloes of 
South-eastern Asia, and of the Cape : the humped ox of 
India, venerated by the Brahmins ; and the yak of Thibet, 
whose white silky tail has been adopted as the Turkish 
standard. The musk-ox and bison are peculiar to North 
America: the former extends its northern migrations as 
far as Parry Islands, but has never been seen in Greenland. 
The bison roams in herds of thousands over the prairies of 
the Mississippi, but seldom wanders further north than the 
60th parallel, which is the southern limit of the musk-ox. 

The Cetacea is a peculiar class, and embraces, besides 
whales, the dolphin or porpoise, the lamantin of the 
Orinoco, the dugong, the seal, and the walrus. Whales are 
of two kinds : whalebone whales and sperm whales ; the 
latter live upon fish, and are provided with teeth in the 
lower jaw. They are strong and fierce, and their capture 
is attended with danger. They are found chiefly in south- 
em latitudes, but occasionally are met with in the North 
Pacific and North Atlantic, in the Mediterranean, and in 
the German Ocean. The whalebone whales are more 
timid. They used to abound in Hudson Biiy and Baffin's 
Bay, but every year they become more scarce. The 
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narwhal, or sea-unicorn, the most singular of the dolphin 
tribe, is distinguished by a fine tusk of ivory, extending 
eight or ten feet straight from the head. It lives among 
the fields of ice in Baffin's Bay, between the parallels of 
70** and 80° north. The lamantin or manatus is found in 
the Amazon and Orinoco, and also in the rivers of Western 
Africa. It browses in herds on the herbage at the bottom 
of streams. The dugong is an inhabitant of the Eastern 
Archipelago, and of the shallow parts of the Indian Ocean, 
where it feeds on sea-weeds. It is very harmless and ex- 
tremely fond of its young. 

The seal consists of several species, and inhabits high 
latitudes in both the northern and southern oceans. It 
lives exclusively on fish, and is seldom seen at any great 
distance from Uie land. The common Greenland seal is 
six or seven feet long, is easily tamed, and in the Orkney 
Islands follows his master and helps him to catch fish. 
Large herds of seals reach the coasts of Labrador on fields 
of ice, borne by the currents from Davis Strait, and here 
they fall a prey to the fishermen who watch for their 
annual arrival. The walrus is a grim-looking creature, 
with tusks two feet long, bent downwards. It has a body 
like that of a seal, but twenty feet long. It feeds on sea- 
weed and marine animals, lives chiefly in the Arctic Ocean, 
and sleeps on the floating ice. 

. Birds. — More than 7500 species of birds are known, 
and they are usually divided into eight orders : Rapaces, 
Passeres, Scansores, Columbse, Gallinse, Cursores, Gralla- 
tores, and Natatores. 

Rapaces, or birds of prey, include vultures, falcons, and 
owls. The condor, the largest of the vulture kind, measures 
fifteen feet across its outspread wings. It soars above the 
highest summits of the Andes, but is never found to the 
north of the Isthmus of Panama. The falcon family in- 
cludes also eagles and hawks. The golden eagle inhabits 
the highlands of central and southern Europe, and is met 
with also in the mountains of Scotland and Scandinavia. 

The Passerine order includes the singing birds. In this 
order Europe stands pre-eminent, and it will be sufficient 
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to mention the nightingale, thrush, and lark. The fnock- 
ing-bird, a native of Louisiana and Carolina in North 
America, not only has a sweet song of its own, but can 
imitate the notes of every other species. This order also 
includes the humming-bird of the New World. This group 
includes about 400 species, and they vary in size from 
that of a wren to that of a humble-bee. They are chiefly 
found in Guiana and Brazil, but occasionally have a wider 
range. One has been found on the coast of Alaska, and 
others have been seen flying about in a snow-storm in 
Tierra del Fuego. In South Africa they are represented by 
the honey-hirds of the Cape. The canary, in its wild state, 
is confined to the Canary Islands. The passeres is a very 
large order, and includes the bower-birds of Australia and 
birds of Paradise. The bower-birds construct a sort of 
bower, or arbour of twigs, which they adorn with shells 
and feathers, and then amuse themselves by running around 
and through the structure as if in a kind of dance. The 
birds of Paradise are confined to New Guinea and the 
neighbouring Moluccas and Aroo Islands. The lyre-birds 
of Australia, though resembling in some respects the 
gallinaceous family, are generally placed in the passerine 
order. 

The Scansores, or climbers, include parrots, cockatoos, 
toucans, woodpeckers, and cuckoos. Tropical Africa is 
very poor in this class of birds, while South America is 
singularly rich in this respect. The toucans, remarkable 
for their large bills, which are often beautifully coloured, 
are confined to the tropical region of South America. 
Numerous paroquets and cockatoos are found in Australia, 
and the black cockatoo is peculiar to that country. The 
parrots and cockatoos of India are beautifully coloured. 
The common gray parrot, which is such a favourite on ac- 
count of its docility and intelligence, is a native of tropical 
Africa. Cuckoos are found in most parts of the world, but 
are most numerous in warm climates. Those which are 
met with in cold and temperate regions are generally sum- 
mer birds of passage. The cuckoo, which visits (»ur isl^ds^ 
spends its winter in Africa and Southern Asia, 
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The Columhce, or pigeon family, is indigenous both to the 
Old and New World, there being six European and eight 
American species. They are found in mjnriads in the 
North American forests, where, in congregating to roost, 
they cover every tree over large tracts, and sometimes 
break off large branches by their weight. Flocks, consist- 
ing of millions, pass twice a year over Canada and the 
northern States in their migrations north and southward. 
The dodoj which was an inhabitant of the island of 
Mauritius at the time of its discovery in the year 1598, is 
considered, from the structure of some of its bones, to have 
been a gigantic pigeon. The solitaire, a similar species, 
lived on the island of Rodriguez at no remote period. The 
apteryx of New Zealand, and the epyomis of Madagascar, 
probably belong to the ostrich tribe. 

Gallince. — Southern Asia is distinguished by the variety 
of its gallinaceous birds, and by the brilliancy of their 
plumage. It is to this region that we owe our domestic 
fowls. The peacock is a native of India ; the pheasant is 
indigenous throughout Asia, from the Caucasus to Suma- 
tra. The Argus pheasant is a native of China. In this 
country also is found a species of quail, which the Chinese 
keep in cages, principally on account of the sport to be de- 
rived from the pugnacity of the male birds. The guinea- 
fowl are natives of tropical Africa, where they wander in 
groups and flocks among the brushwood on the banks of 
the rivers and lakes. The turkey is a native of North 
America, where large flocks are met with in the great 
forests. 

The Cursor es^ or ostrich family, is not very large, but 
its distribution is peculiar. The two-toed ostrich^ the largest 
existing bird, is confined to the continent of Africa and the 
deserts of Arabia. Though unable to fly, its wings assist 
it in running, and it is the swiftest of animals. The rhea^ 
or three-toed ostrich, is found only in South America ; there 
are three species. The emu is a native of Australia, but 
is in progress of being extirpated. It is distinguished from 
the rhea by a hair-like plumage, which completely conceals 
its wings. The cassowary^ which resembles the emu, is ^ 
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native of the Moluccas and the adjacent islands. The 
apteryXj of which there are three species, is confined to 
New Zealand. It is ahout two feet in height, and of a 
dark brown colour. The remains of a very numerous 
group of extinct birds belonging to this order have been 
discovered in recent deposits in New Zealand. One of the 
genera, the dinomtSj chiefly found in North Island, consists 
of several species, the largest of which must have been 
double the size of the tallest ostrich. In Madgascar the 
shells and other remains of a similar bird — the ep^/omis — 
have been discovered : its eggs appear to have been ten 
times the size of those of the ostrich. 

The Grallatores^ or waders, include the bustard, plover, 
heron, crane, stork, ibis, snipe, woodcock, and others. 
This class of birds is very common in all parts of t)ie 
world. In the arctic regions they are more numerous 
than land birds, but are generally migratory. In Europe 
and North America they are very numerous; many of 
them, however, migrate in winter. The stork, so great a 
favourite in Holland, retires to Asia Minor and Africa, and 
on the return of summer resumes its former nest on a 
chimney-top. Africa is rich in this order of burds, among 
which is the sacred ibisy so frequently found as mummies 
in the catacombs, or represented on the monuments of 
ancient Egypt. The waders, also exist in immense num- 
bers in South America. 

The Natatores are a very numerous class, and are found 
in all parts of the world, but especially in Europe, North 
America, and the polar regions. In Europe there are three 
species of wild swans, four of geese, and more than thirty 
of the duck tribe, including those that inhabit the arctic 
seas. North America is said to possess species of all the 
genera of the Old World, and many peculiar to itself. 
Gulls in thousands inhabit the arctic regions; the cor- 
morants, which live on fish, are universally distributed 
over the northern seas ; in China they are used in fishing, 
the bird having a ring round its neck to prevent it swal- 
lowing its prey. The eider-duck, so valued for its downy 
feathers, is exclusively confined to the northern seas, though 
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it has been known to breed as low as the coast of North- 
umberland. The pelican frequents both the seas and fresh 
waters of Asia, Africa, and eastern Europe ; it occurs also 
in North America and South Australia. The flamingo^ 
which is included in this class, is found both in the Old 
and New Worlds. In Australia there is a species of swan 
almost entirely black. The antarctic and southern seas 
are remarkable for the immense number of sea-fowl. 
Among these may be mentioned the albatross^ which 
almost equals the condor in size. The giant petrel is 
almost equally large, and is sometimes perfectly white ; 
while the equinoctial petrel, about the size of a common 
fowl, is of a jet-black colour. The snowy petrel is seldom 
found outside the antarctic circle, while the stormy petrel 
is found all over the Atlantic and Pacific. The name petrel 
is supposed to be a diminutive of Peter, and is said to have 
been given to the birds in allusion to their apparently walk- 
ing on the water. The penguin^ a curious bird with rudi- 
mentary wings, which serve for paddles when it is swimming, 
is peculiar to the Southern Ocean, where it is foimd in 
flocks. They crowd in mjriads the snow-clad shores 
of Victoria Land and other antarctic islands. Some are 
very large, weighing sixty or seventy pounds. They can 
scarcely walk, and cannot fly; but can swim with great 
rapidity either on or under the water. These birds are met 
with, also, in great numbers.on the coasts of Patagonia, and 
a species is found near the Cape of Good Hope. 

Beptiles are an intermediate link between quadrupeds 
and fishes. They are cold-blooded, and, with very few 
exceptions, oviparous. They are most numerous in 
tropical regions, and in South America are especially 
abundant. There are very few species in Australia, and 
— ^if we except the Ladrone Islands — neither toads, frogs, 
nor snakes are found in any of the islands of the Pacific. 
Neither are they met with in New Zealand, Terra del 
Fuego, nor in the Falkland Islands. The extreme 
southern limit of reptiles, so far as is known, is 50** 
south, but frogs and salamanders have been found as far 
north as the Mackenzie River. Not one species of reptile 
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is common to the Old and New Worlds, and the few that 
are found in Australia are peculiar to that continent. 

The order of reptiles is usually divided into Testudines, 
Sauria, Ophidia, and Batrachia. 

Testudines. — ^This order includes tortoises and turtles. 
There are more land tortoises in Africa than in all the rest 
of the world. There are three European species, of which 
the common tortoise is the largest ; it is met with in the 
countries bordering on the Mediterranean. Some of the 
East India species are of considerable size, but the largest 
known tortoise is the testudo elephantopus of the Galapagos 
group, which weighs 500 or 600 lbs. The chelonians, or 
sea-turtles, inhabit the tropical and warm temperate seas, 
being occasionally found as far north as the 50th parallel. 
Among these the green turtle^ which inhabits the Atlantic, 
is much esteemed for food. It is often six or seven feet 
long, and weighs 600 or 700 lbs. The hawk^s hill turtle^ 
which supplies the tortoise-shell of commerce, is a native 
of the East and West Indies. The finest tortoise-shell, 
however, comes from the Moluccas and New Guinea. 

The Sauria include crocodiles, lizards, and chameleons. 
Crocodiles are met with in the rivers of Africa and Asia ; 
gavials, which differ from crocodiles in having very long 
and narrow jaws, are natives of India, and frequent the 
Ganges. The alligator, or round-mouthed crocodile, is 
peculiar to the New World, and is met with from 32** north 
latitude to SV south. Some species bury themselves in 
mud and remain torpid during the dry season. Lizards 
are very common in all parts of the world ; more than sixty 
species are European, and of these twenty inhabit Italy. 
Chameleons abound in Africa, both north and south ; they 
are also found in India and other parts of Asia, and occa- 
sionally in Spain and Italy. Two lizards are peculiar to 
the Galapagos Islands : one is teiTestrial, the other amphi- 
bious. The latter is about four feet long, and resembles, 
on a small scale, the huge saurians, whose remains are so 
abundant in oolitic rocks. 

Opkidia, or serpents, are met with in all hot and temper- 
ate regions, but abound in the tropics. They are most 
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numerous in the Indian Archipelago, Java alone contain- 
ing fifty-six species. The rattlesnake is peculiar to 
America ; the cohra di capelloj or hooded snake, tamed 
by the Indian jugglers, is common everywhere from 
Malabar to Sumatra. The boas are peculiar to the tropical 
forests of South America ; they are represented in the Old 
World by the pythons, which range over Northern Africa, 
through tropical Asia, to China and Japan. They some- 
times reach a length of twenty feet. The only venomous 
serpents in Europe are three species of the viper. The 
common viper inhabits Central Europe and temperate 
Asia as far as Lake Baikal. It is found also in England 
and Sweden. 

The Batrachia include toads, frogs, and salamanders. 
All this family, in their imperfect state as tadpoles, are 
essentially fishes in form and structure. At a certain 
stage of their growth, however, they lose their gills, begin 
to breathe as reptiles, and acquire feet. Some, like the 
toad and frog, afterwards lose their tails, but the sala- 
manders retain theirs. The common salamander, of which 
there are several species in this country, is a terrestrial 
animal. The popular belief that it can resist the effects of 
fire is without foundation. The edible^ or green frog^ is 
abundant in France, and is found throughout the greater 
part of Europe, in Northern Africa, in Persia, China, and 
Japan. It has also been met with in the fens of Cam- 
bridgeshire. Perhaps the largest batrachian in existence 
is the bull-frog of North America, which sometimes attains 
a length of twenty-one inches, and weighs about two 
pounds. Only fiVQ species of reptiles are found in Ireland 
— a lizard, a toad, a frog, and two species of newts, or water 
salamanders. 

Fishes. — It is now generally admitted that animal life 
in some form or other exists at the greatest depths which 
have yet been reached by the sounding-line ; and that 
while some fishes obtain food by preying upon each other, 
and others from marine vegetation, there is reason to believe 
that the smaller organisms have the power to extract directly 
from the sea- water the material necessary for their noi^rish- 
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ment Marine life seems quite as abundant as terrestrial 
life ; but there appears to be this great difference in its 
distribution — that while land animals increase in aze 
and perfection of form as we approach the tropics, marine 
animals increase in size and vigour towards the poles. 
It has also been noticed by Captain Maury that the best 
fisheries are in cold oceanic currents ; and that not only 
do the colder waters furnish those species of fish best fitted 
for food, but that even in the same species the individuals 
taken in cold waters are far superior in flavour and nutri- 
tious quality to those of warmer seas. He instcmces, as 
illustrations of this statement, the excellent fisheries found 
on the east coast of North America, the west coast of Japan, 
and the west coast of South America. 

But though the flavour of fish caught in tropical waters 
is not equal to that of colder seas, the gorgeousness of 
colouring is remarkable. In the arctic and northern seas 
fish are generally of a grayish hue, but within the tropics 
the brilliancy of colour, not only of the fishes, but of the 
shells, corals, and sea-weeds, is well known to every voy- 
ager. This vividness of colouring is of course owing to 
the greater power of the sun ; and hence we find that, even 
in tropical seas, the hues become more faint as we descend 
to depths where the amount of sunlight becomes less. 

Several species of fish are migratory; some, like the 
salmon, resort to rivers to spawn ; others, like the cod and 
pilchard, appear to be driven southward by the cold of 
winter, and by failure of food. In the month of February 
enormous quantities of cod arrive annually on the coast of 
Newfoundland, or, descending by the coast of Norway, reach 
the Dogger Bank in the German Ocean. Some think that 
the herring is not migratory, but that it remains mostly at 
the bottom of the sea during certain months, and comes to 
the surface at the spawning season. 

The natural colour of sea* water is some shade of blue ; 
and it is very probable that, where the water is discoloured, 
except near the shore, it is owing to the presence of minute 
organisms in excessive abundance. The phosphorescence 
of the sea is also owing to the presence of microscopic 
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animalculae. In the English Channel and the German 
Ocean a beautiful blue light may often be noticed, on a 
clear dark- night, round the prow of a steamer ; but in 
warmer climates the sea seems to be on fire, and the wake 
of a vessel is like a livid flame. Some fishes have the 
power of giving an electric shock. The most remarkable 
of these is the Gymnotus electricusy or electric eel, which 
inhabits the rivers and lakes of Venezuela and Guiana. 
This power is also possessed by the torpedo of the Medi- 
terranean, and the Silurus electricus of the African rivers. 
A cuttle-fish of the Cape de Verde Islands changes colour 
like the chameleon, assuming the tint of the sea-bottom 
on which it rests : it is said that some of our fresh- water 
fishes possess the same property. 

Some orders of the Eadiata, as the lowest class of 
marine animals is termed, have very much the appearance 
of plants, both in form and colouring. Among these are 
the sea- anemones, which so exactly resemble beautiful 
flowers that bees have been arrested by the resemblance 
while flying over them, and have been seen to dart through 
the water to reach them. To this class of animals belongs 
the coral polype, of which there are many species. Corals 
are propagated by divisions, buds, and eggs. The young 
coral leaves the egg as a minute oval body, and it swims 
about with great activity by the help of multitudes of 
little hair-like filaments, called cilia, with which its body 
is covered. After a while it settles to the bottom, loses its 
cilia, and, becoming fixed to the rock, gradually assumes 
the form of its parent polype. A single polype is like a 
flower, the corolla being the mouth of the animal. The 
petals are surrounded by minute filaments or tentacles, 
which perform the part of arms in seizing and capturing 
prey. The white coral spreads over the bottom of the 
ocean like turf, and has the power of dividing and sub- 
dividing itself to any extent. Other corals, of which the 
red coral of commerce may be taken as an example, throw 
out buds which are converted into polypes, or branches 
bearing polypes, until a tree-like mass is formed. We 
have in a previous chapter spoken of the large solid masses 

Y 
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and islands formed from tbe skeletons of these minnte 
animals. The following extract, referring to the red coraL 
will illustrate the general mode of their growUi :— 

'^ A minute polype is fixed to the rocky bottom of a 
deep sea, and grows up into a branched trunk. The end 
of every branch and twig is terminated by a polype, and 
all the polypes are connected together by a fleshy sub- 
stance, traversed by innumerable canals, which place each 
polype in communication with every other, and cany 
nourishment to the substance of the supporting stem. It 
is a sort of natural co-operative store, every polype help- 
ing the whole at the same time as it helps itself. The 
interior of the stem, like that of the branches, is solidified 
by the deposition of carbonate of lime in its tissue, some- 
what in Uie same fashion as our own bones are formed 
of animal matter impregnated with lime salts ; and it is 
this dense skeleton (usually turned deep red by a peculiar 
colouring matter), cleared of the soft animal investment, 
as the heart-wood of a tree might be stripped of its bark, 
which is the red coral." (Huxley.) 

The foraminifera brought up from the telegraphic pla- 
teau by Brooke's sounding apparatus, were also met with 
by Dr Wallich between the north of Ireland and Greenland, 
where they formed 95 per cent, of the sediment which 
covers the ocean floor. These minute organisms belong, 
for the most part, to the genus globigermaj and are speci- 
fically undistinguishable from the shells which constitute a 
large portion of the chalk of Europe ; so that it is highly 
probable that white chalk is now forming at the bottom of 
the North Atlantic. 

Professor Huxley has given the name of Balhyhius to 
a kind of scum or film which is supposed to cover vast areas 
of the ocean floor ; and he sees in this substance the first be- 
ginnings of animal life. The naturalists on board the Chal- 
lenger could not meet with anything of the kind, and they 
are disposed to believe that the substance is simply sulphate 
of lime; at any rate, precisely the same appearance as 
Bathybius can be produced by a mixture of spirits of wine 
and pure sea water. The mistake no doubt arose in the 
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first instance from the practice of preserving the mud or 
ooze taken from the bottom of the sea in strong spirit. 

Insects. — ^The various species of insects are so numerous 
that it would be useless attempting any particular accoimt 
of them. One or two general remarks, however, may be 
made. Like animals in general, they increase in number 
and variety from the poles to the tropics. It was remarked, 
in the early part of this chapter, that the New World was 
distinguished by its vegetation, and the Old World by its 
animals. There are some exceptions to this statement: 
thus, the Old World is celebrated for its perfumes and 
spices, while, on the other hand, the New World is remark- 
able for its reptiles and insects ; the reason probably being 
that these two classes of animals depend more immediately 
than others upon warmth and vegetation for their existence. 
This is especially the case with insects : each plant appears 
to have its own special inhabitants. It has been noticed 
that, when a plant is taken from one country to another in 
which it has no congeners, it is not attacked by the insects 
of the country ; thus, cabbages and carrots transplanted to 
Guiana are not injured by insects, and the tulip-tree. and 
other magnolias are not attacked in this country. 

No place in the world is so much infested with insects as 
the banks of the rivers in tropical America. It is said 
that different species succeed one another with such regu- 
larity, that the time of day or night may be known from 
their humming noise, and from the different sensations of 
pain which their several bites produce. 

The common fly is one of the most universally distri- 
buted of insects. It was unknown in the South Sea 
Islands until it was introduced by Europeans. The com- 
mon honey-bee is said to have been introduced into America 
and Australia from Europe. Fire-Jlies are mostly tropi- 
cal, but there are four European species. The siU^-worm 
was originally introduced from China ; the cochineal insect, 
which produces the valuable scarlet dye, is a native of 
tropical America. Ants of different kinds are universally 
distributed. There is a species in Trinidad called the 
parasol-ants. They walk in long procession, each carry- 
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ing a cut leaf over its head, as a parasol, in the sun, and 
these they deposit in holes, ten or twelve feet deep, under- 
ground, apparently with no other object than to form a 
comfortable nest for a species of white snake, which is 
invariably found coiled up among them on digging out 
the deposit. (Herschel, Physical Oeography,) 

Insects occasionally migrate in great numbers : the flight 
of locusts is well known. The driver-ants of the west coast 
of Africa occasionally visit huts and dwelling-houses in 
immense numbers, and after clearing them of other insects, 
reptiles, and vermin, retire peaceably. The entrance of the 
drivers into a house is soon known by the simultaneous and 
universal movement of rats, mice, lizards, and other dis- 
agreeable guests that may be present. A species with 
similar instincts exists in South America. Occasionally 
migrations of ladybirds and butterflies have been noticed 
in this country. 

Within recent years the microscope has made known to 
us a new world of insects, invisible to the naked eye. 
These are similar to the small organisms found like a film 
in the bed of the ocean. Examined by a microscope, they 
seem to consist of a transparent vesicle, and some have a 
tail. They have been found in fog, rain, and snow, in 
animal and vegetable juices ; they exist in ice, and are not 
killed by boiling water. Four hundred species of living 
microscopic animalculse have been discovered in different 
strata of the atmosphere; and it is not improbable that 
cholera and other epidemics are caused by the presence in 
the atmosphere of certain living organisms. 

Insects, besides supplying food to larger animals, no 
doubt perform an important part in the general economy of 
nature. They maintain the balance among the species of 
the vegetable world by preventing the too rapid increase 
of certain plants. They also take up and assimilate with 
great rapidity decaying animal and vegetable matter, thus 
helping to keep the air pure. 
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CHAPTER XXIV. 
The Human Rage. 

Man is placed at the head of the animal creation by his 
mental endowments, as well as by his superior physical 
organization. Although he is to some extent subject to 
the influence of climate, yet he differs from all other 
animals in being able to live in every region, and at 
almost all altitudes where organic life is found. We are 
taught by Holy Writ that the whole human family has 
sprung from one pair, and the results of scientific inves- 
tigation point to the same conclusion. There are no 
doubt several varieties in the human race, but these do 
not differ from each other to a greater extent than do the 
varieties in the same species among domestic animals. In 
the case of man these varieties have doubtless been the 
result both of physical and moral causes. On the one 
hand, differences in climate, food, and daily occupation 
would doubtless tend to produce difference in outward 
form and complexion ; on the other hand, civilization 
and education tend to develop the brain and soften the 
features. The size of the brain affects the skull, and thus 
the form of the head ; the cultivation of the mental powers 
gives an intellectual aspect to the countenance, the control 
of the passions renders the features less harsh, while their 
indulgence disfigures them. 

It is very possible that in the infancy of the human race 
— as in the infancy of the individual— the physical nature 
of man was more plastic than it now is, and thus external 
causes would have a greater effect upon his outward ap- 
pearance than they now have. But, be this as it may, we 
must carry back the first appearance of man upon the earth 
far beyond the period popularly assigned to it. For, since 
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the dawn of history, there have always been certain varieties 
in the human family, differing from each other not only in 
form and colour, but also in intellectual and moral charac- 
ter, and the characteristic differences have remained very 
persistent during the last 3000 or 4000 years. It is evi- 
dent therefore that more than 6000 years must have elapsed 
since the creation of Adam ; and this opinion may be held 
without impugning, in the least degree, the accuracy of 
the Mosaic account of the Creation. 

The evidence derived from Swiss lake-dwellings, and 
from the deposits found in river-beds and caverns, both of 
England and France, proves that long before the use of 
iron was known in Western Europe there were ages when 
man's weapons were made of bronze, and, still earlier, of 
flint ; and in the ancient gravels of the Seine and Somme, 
and of the Thames and Great Ouse, stone implements of a 
rude type have been discovered, intermixed with the re- 
mains of the elephant, rhinoceros, hippopotamus, and 
other large quadrupeds now extinct. In the caverns of 
the Dordogne and Perigord, in the south of France, flint 
implements iiave also been found along with the horns and 
bones of the reindeer. Some of the bones are artistically 
carved so as to represent animals ; and needles of bone are 
shaped, having eyes drilled with much skill. It is evident 
that the articles found in these caverns speak of a later age 
than that belonging to the flints of the Seine and Somme, 
since some advance had been made in civilization { and yet 
vast must have been the period that has elapsed since the 
reindeer period. The existence of that animal in France 
speaks of long cold winters and a brief hot summer, such 
as is now experienced in the extreme north of Europe ; and 
therefore a great, though probably very gradual, change 
has taken place in the climate of Europe since the reindeer 
inhabited France. 

The proofs of man's antiquity derived from the existence 
of the several varieties of the human family, which have 
remained almost unaltered since the dawn of history, as 
well as from the traces of him found in lakes, caverns, and 
river-beds, are still further strengthened when we consider 
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the great number and diversity of the languages which are 
now in use. Every language now spoken has some kind 
of grammatical structure more or less complex, and it is 
possible to find by comparison which are the older languages 
and which more modem. From a careful comparison of 
the grammar and vocabulary of each it has been found pos- 
sible to group various languages together, and in this way 
to classify the people who speak the various tongues. Thus 
all the vast multitude of human beings now spread over the 
globe have been arranged in three great divisions or families 
— the MongolidsB, Atlantidse, and lapetidse. 

In attempting to classify the varieties of the human 
race, it woidd seem more natural, at first sight, to found 
our classification rather upon external differences than 
upon languages. Thus we might arrange them according 
to colour, as white men, black men, yellow men, brown 
men (the Malays), and red men. But Dr Latham, who is 
one of our greatest authorities on this subject, has pointed 
out that philological characteristics are more valuable in 
this respect than moral or physical characteristics, since 
nothing but imitation determines the use of similar com- 
binations of articulate sounds in different languages; 
whereas similar conditions of life develop similar habits 
and similar points of physical conformation^ 

MongolidsB. — ^This branch of the human family, of which 
the Chinese may be taken as the type, are distinguished by 
a broad, flat face, the cheek-bones prominent, the nose flat 
The eyes are set wide apart and elevated at the outer 
comers. The skin is rarely either white or black, but 
generally of a yellow or olive hue. The hair is coarse 
and lanky, the beard scanty, and the ankles weak. The 
intellect is, generally, but moderately developed, and exer- 
cises itself with details rather than great principles ; it shows, 
however, shrewdness and great imitative power. This branch 
of the human race is generally patient and industrious, but 
often obstinate, jealous, and insincere. It exists in Asia, 
Polynesia, and America. 

The Atlantidse, or negro branch, is characterized by a 
retreating forehead, prominent and wide mouth, thick lips. 
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flat nose, and woolly hair ; the eyes and skin are both black. 
The back part of the head is strongly developed, showing 
the preponderance of the animal over the intellectual 
nature. The intellect is quick, but not deep. This branch 
is found in Africa. 

The lapetidSB, or European branch, is distinguished by 
a well-proportioned figure. The head is round, the face 
oval, the eyes well set, the nose narrow, and sometimes 
slightly arched. The mouth is small, the hair abundant 
on the head and chin, but thin on other parts of the body. 
The skin is generally fair and ruddy, or of various shades 
of brown. The hair varies in colour from yellow to black ; 
the eyes, from blue to black. This branch possesses great 
intellectual ability, firm perseverance, and great muscular 
strength ; it is found chiefly in Europe. 

The MongolidSB are grouped in seven divisions. 

1. The Mongols proper, and of these there are two 
stocks : {a) the Seriform stock ; (b) the Turanian stock. 
The Seriform stock includes the Chinese, Thibetans, and 
Indo-Chinese, all of whom speak a monosyllabic language, 
which possesses little or no grammatical inflection. The 
Turanian stock embraces the inhabitants of the northern 
part of China, Manchuria, the greater part of Siberia, 
Mongolia, Eastern Turkestan, Western Turkestan, Asia 
Minor, Turkey, Hungary, Esthonia (on the Baltic), Fin- 
land, and Lapland. 

2. The Georgians, Circassians, and other inhabitants of 
the Caucasus. Dr Latham founds this classification mainly 
on the resemblance there is between the languages of these 
nations and that of the Seriform stock, both with respect to 
vocabulary and grammatical structure. 

3. Oceanic Mongols. — Of these there are two main 
divisions : the Malays^ who inhabit the Malay Peninsula, 
the Indian Archipelago, and Polynesia, including New 
Zealand ; and the Papuans^ inhabiting New Guinea, Aus- 
tralia, Tasmania, New Ireland, and the islands between it 
and New Caledonia. The Malays have generally yellow, 
olive, or brown complexions, with long black and straight 
hair ; the Papuans, of which the natives of New Guinea 
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are a type, have generally black complexions, with hair 
sometimes straight and sometimes crisp, frizzy, or even 
woolly. 

4. The Northern Mongols, including the SamSeides, 
Yeniseians, and Yukahiri. These nations probably occupied, 
at one time, the whole of Siberia, but they have been 
broken up and partially superseded by the Turks and 
Tungusians, and exist at present only in the form of frag- 
ments. 

5. The Peninsular Mongolians, including the inhabitants 
of Kamtchatka, Japan, and the Corea. They are different 
both in language and physical appearance from the Chinese, 
and they do not belong to the Turanian stock. On the 
other hand, the peninsular languages agree in the general 
fact of being more closely akin to those of the aborigines 
of America than any other branch of the Mongolidse. 

6. American Mongols, including the Esquimaux, or 
Eskimos, and the Indians of North and South America. 
The Eskimo is the only family common to the Old and 
New World. 

7. Indian Mongols include certain obscure Mongol tribes 
who inhabit Hindostan, Cashmere, Ceylon, the Maldives 
and Laccadives, and part of Beloochistan. This class in- 
cludes the Cingalese, and the Tamuls, and some other tribes 
in Hindostan. 

The Atlantidse embrace also several divisions : Negroes, 
Kaffirs, Hottentots, the Nilotic Atlantidse, the Amazirgh At- 
lautidsB, the Egyptian Atlantidse, and the Semetic Atlantidae. 
The Nilotic division includes the Gallas, Nubians, and other 
tribes inhabiting the upper and middle Nile. The Egyp- 
tian group includes the ancient Egyptians and the modem 
Copts. The Amazirgh division was represented in ancient 
times by the Gsetulians, Numidians, Mauritanians, and 
Cyrenseans, and in modem times by the Siwans and Tuar- 
icks of the Sahara, the Cabyles of the Atlas range, and the 
Guanches of the Canary Islands. The Semetic family, which 
includes the ancient Assyrians, Babylonians, Phoenicians, 
and Hebrews, as well as the Jews, Arabs, and Syrians of 
modern times, is included by many writers among the 
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European family of nations ; but Dr Latham classes them 
with the Atlantidss. He is doubtful about the inhabitants 
of Madagascar, since their language is Malayan, yet in form 
and appearance they strongly resemble the natives of 
Africa ; and it is natural to suppose that this island would 
be originally colonized from Africa. 

The lapetidsB include two main divisions : the Kelts or 
Celts, and Indo-Germans. The Kelts embrace the ancient 
inhabitants of Helvetia, Gaul, Britain, and Ireland, and at 
present consist of two branches — the Cambrian, or ancient 
British, which includes Welsh, Cornish, and Armorican; and 
the Gaelic, which includes Scotch Gaelic, Irish Gaelic, and 
Manx. A study of the grammar of the Kelts shows that 
they are the elder branch of the great European family. 
They seem to have separated from the parent stock subse* 
quent to the evolution of the persons of verbs, but before 
the evolution of the cases of nouns. It is very probable 
that England was inhabited by races from Gaul, that from 
England the Kelts proceeded to Scotland, and thence to 
Ireland. 

The IndO'Oermanic division falls into two classes: the 
European and the Iranian. The European class includes 

(1) The Goths, who inhabit the greater portion of Central 
and Northern Europe. 

(2) The Sarmatian division, which includes the inhabit- 
ants of Russia, the Poles, and the people of Servia and 
Illyria. 

(3) The Mediterranean group, including the inhabitants 
of Greece and Italy, and the greater portion of those of 
Spain, Portugal, and France. 

The Iranian class comprises the inhabitants of Persia, 
Beloochistan, Afghanistan, and Kaffiristan (on the southern 
slopes of the Hindoo- Koosh). The inhabitants of Hindo- 
stan are usually included in this class, but Dr Latham is 
inclined to think that the Mahratta and other Indo-Gan- 
getic languages are not of Sanskrit origin, and that the 
tribes of Northern India, like the Tamuls, are probably of 
Mongolian origin. 

There are some languages, stich as those of the ancient 
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Etruscans and Pelasgi, as well as those of the Albanians, 
Armenians, and Basque provinces of Spain, whose affinities 
have not yet been settled ; and hence it is impossible to 
say at present to what family of nations the people speak- 
ing those languages belong. 

It is worthy of remark that, among the inhabitants of 
Europe, the Gothic nations belong for the most part to 
the Reformed Church; the Celtic and Mediterranean 
groups are chiefly Roman Catholics ; while the Sarmatians, 
with the exception of the Poles, belong to the Greek 
Church. 

Influence of Man upon Nature. — We have more than 
once had occasion to notice the ceaseless activity and 
change that is going on in the natural world, and which 
has ever been taking place. The solid ground is not 
fixed, but is every day slowly changing its form and alti- 
tude. In some places the land is gaining on the sea ; in 
others, the sea is encroaching uponUie land, and a gradual 
change in its distribution is effected. This change affects 
the winds and oceanic currents, and thus modifies the 
climate. The climate, again, acts upon the organic world, 
and new species of plants and animals appear upon the 
earth. Such changes as these took place- before man's 
appearance upon the globe, and still continue. He, how- 
ever, guided by his wants and intelligence, interferes 
actively in the busy scene around him, sometimes acceler- 
ating the natural causes at work, in others apparently 
counteracting them. But we cannot doubt that man him- 
self is controlled by the great Maker of all, and is but an 
instrument in His hands, to help in working out His great 
designs. 

By draining marshes, embanking rivers, and construct- 
ing dykes to keep out the sea, man actually increases the 
amount of habitable ground ; by cutting down forests and 
tilling the earth, he materially affects the climate. We 
have already stated that in this way the climate of 
England has within a recent period been rendered much 
milder. The same thing has taken place throughout 
Europe. Two thousand years ago the cold of France was 
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too great to ripen grapes north of the Cevennes, and every 
winter the Rhine and Danube were frozen so hard that 
whole armies could cross the ice. Occasionally, however, 
the clearing away of forests has had an injurious effect. 
In Eastern France and Northern Italy, the ancient forests 
were a protection against the wind which now sweeps with 
violence over districts deprived of their former shelter. 
The effect of forests is to render the air more humid, and 
the temperature more equable. The arid nature of the 
interior of Spain is thought to be due in a great measure 
to the scarcity of trees. The injurious effect of cutting 
down forests is most clearly seen in warm or tropical 
regions. The rain then descends in sudden deluges, and 
the dry seasons are excessively prolonged. The fertile 
soil is washed away by the annual floods, and the surface 
of the earth is scorched by the sun. Examples of this are 
afforded by the clearing of the forests in some parts of the 
Western Ghauts. If this be the effect of the removal of 
trees, it would seem that large plantations might have a 
beneficial effect upon the climate and soil of Australia and 
the Cape, where irregular and scanty rains are the great 
drawback to the climate. 

From the earliest time man has selected certain plants 
and animals for his own use, and by a careful cultivation 
has almost changed them into new species. The olive, 
vine, and fig-tree have been cultivated from time imme- 
morial. Wheat, rice, barley, and maize, are but the seeds 
of certain grasses. A bitter plant with wavy green leaves, 
having a flower like mustard, has been taken from the 
sea- side and transplanted into the garden, where it has 
lost its saltness and been transformed into many distinct 
vegetables, among others the red cabbage and the cauli- 
flower. Our apples and plums scarcely appear to be of 
the same species as the wild crab and sloe. Nor is the 
change less in domestic animals. The numberless variety 
of pigeons, differing from each other in form and plumage, 
all spring from the rock pigeon. The dog, which shows 
a still greater diversity of form, is descended from the wolf. 
Almost all our useful animals were in very early times 
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domesticated in Asia : it is curious to remark how very 
few Africa, America, and Australia have contributed to 
the common stock. 

When new lands are discovered and colonized, man 
takes with him the plants and animals which he finds 
useful or necessary, and occasionally brings back others 
to the mother country. On the discovery of America, it 
was found that that continent was almost destitute of 
useful animals ; and accordingly the domestic animals of 
Europe were introduced, along with the sugar-cane, the- 
coffee and cotton plants, and the cereal grains. In return, 
America gave to the Old World the potato, the coco, the 
vanilla, and the tobacco-plant. More recently, the cin- 
chona has been transplanted to the uplands of India, and 
the llama and alpaca have been introduced into Australia. 
This continent indeed owes more even than America to 
the process of acclimatization ; salmon have been intro- 
duced into its rivers, song-birds into its woods, and sheep 
into its extensive pastures. 

The spread of colonization, also, has brought different 
races of men into contact, and here the same law holds 
which prevails among plants and animals. Wherever two 
species or two varieties of a species meet, the weaker must 
yield and ultimately become extinct. Among the Indians 
of America and the natives of New Zealand there are 
occasionally splendid specimens of manly vigour, but the 
races as a whole are inferior to the white men, and must 
inevitably die out. In the struggle for existence, " the 
survival of the fittest " is the great law of nature. The 
operation of this law has resulted in producing at the pre- 
sent time a fauna and a flora superior to any that existed 
in geological periods. The same law will doubtless result 
in producing, in the future, a race of men superior, as a 
whole, to that which now inhabits the earth. At the 
present time, if we estimate the total population of the 
globe at 1000 millions, we may assign 500 millions to the 
Mongolian races, 350 millions to the European races, and 
150 millions to the Negro races. The progress of civiliz- 
ation, however, seems to point to a time when the white 
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races will prevail, to tke extinction of the rest. The Indians 
of North and South America are rapidly disappearing ; the 
aborigines of Australia and New Zealand are also dying 
out. It is true that the Chinese in California threaten to 
outnumber the white inhabitants, but this is only because 
the enormous population of China is able to supply an ex* 
traordinary number of emigrants. It is scarcely probable 
that they will establish a permanent footing on the Ameri- 
can continent : they must ultimately either become absorbed 
or extinguished. The inferior race must eventually suc- 
cumb. This is a law of nature which man cannot control. 
It is needless to say that this fact does not in the least 
justify slavery. Happily this institution is now condemned 
in all civilized countries. Neither should it be made a plea 
for dealing harshly or unjustly with our fellow-men. We 
need not seek by improper means to hasten the inevitable. 
Man's duty is to obey the great moral laws stamped upon 
the conscience and enforced by religion, and to leave the 
working of the great laws of nature to the Creator. 
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The following papers, set by the Science Department, 
South Kensington, will enable the student to test his 
knowledge, and, at the same time, show him how far the 
syllabus of the Department is covered by the preceding 
chapters : — 

1867. 

First ob East Paper, for 3d, 4th, and 6th Classes. 

1. Define physical geography. State in what respect it 
differs firom Descriptive Geography and Geology. What are 
the recognised subdivisions of the science ? 

2. What is the proportion of land to water on the earth's 
surface] Name and describe briefly the great continental 
masses, and the chief insular systems. Illustrate the value of 
a broken and indented coast-line as compared with a coast that 
has few indentations. 

3. What are the chief mountain-systems of the world) 
What are the principal culminating points of the Alps, the 
Pyrenees, the Caxpatnians, and the Apennines, and the ele- 
vation of each above the sea ? 

4. What parts of Europe are plateaux, and what parts are 
low plains ? What is the condition of Africa in this respect ? 
What is a river delta ? What is the form of the delta of the 
Rhine 1 Where does it commence ? What is its area, and in 
what country is it 1 

5. What is the form of the Atlantic Ocean ? Does it com- 
municate with the Pacific 1 If so, by what channels ? What 
is the usual limit of north and south polar icebergs in the 
Atlantic"? What is known of the bottom of the Atlantic? 
Wliat great inland seas open into the Atlantic ? 

6. Name the principal rivers of England, mentioning ia 
each case the position of the chief sources, and the approxi- 
mate length of the stream. Mention the diief tributaries of 
the three largest streams. What is a watershed ? 
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7. What European mountain-chains have glaciers? What 
is the change when snow is converted into glacier ice 1 What 
is the moraine of a glacier ? 

8. What is the atmosphere ? What is the estimated height 
of the atmosphere ? What are the trade winds ? What are the 
monsoons ? What is the difference between a wind storm and 
a thunder storm 1 

9. What do you understand by climate ? How is the mean 
annual rainfall of a district estimated? What is the mean 
annual rainfall of England, and of the neighbourhood of 
London ? What is the essential difference between an insular 
and a continental climate ? 

10. What are the ordinary phenomena of a volcanic eruption 1 
What are the active volcanoes of Europe ? What relation exists 
between volcanoes and earthquakes ? 

11. What is meant by the distribution of plants in space, 
whether horizontal or vertical ? What are the natural limits 
of growth of wheat, oats, and rye in Europe ? What are re- 
presentative plants ? What plants in Soutn Africa represent 
the cactus tribe of South America ? 

12. What is a fauna ? What animals are eminently charac- 
teristic of Australia ? How far and why are fishes limited in 
their migrations ? Does migration interfere with the existence 
of special faunas ? If not, why not ? 

13. State the physical characteristics of the negro race. 
What is the natural habitat of the negro? What proof is 
there that the negroes have remained essentially unchanged 
for several thousand years ? 

14. What is the probable extent of human influence in 
modifying climate, and how has it been exerted in Northern 
Europe ? 

16. What is the tendency of the change now going on upon 
the earth's surface by the joint action of air and water, and the 
reaction of subterranean heat ? 



Second or Difficult Paper, for 1st, 2d, and 3d Classes. 

16. Define physical geography. How is it subdivided? 
What physical phenomena illustrate the direct infiuence of the 
sun and moon on the earth ? How far may such results affect 
the relative proportion of land and water ? How far is climate 
affected by such change ? 

17. Wnat are the great natural divisions of land ? Mention 
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any peculiarities of form they pogsess. Give an outline of any 
theory that has been suggested to account for the preponderance 
of land in one hemisphere. 

18. How far does the form of the coast-line of a country 
affect the material prosperity of its civilized inhabitants? 
Compare in this respect England and France, Europe and 
Africa, and the two sides of the great Atlantic canal ? 

19. Give an outline sketch showing the relative position of 
the mountain-systems of Europe. Wiat is a mountain knot 1 
Give an example. What mountain-chain is specially charac- 
terized by sucn phenomena 1 

20. What is the usual condition of river valleys in large 
tracts of elevated land] How do these differ from river 
valleys in mountains and in low plains? Through what 
forms of land (mountain, plateau, or low plain) does the 
Danube flow in different parts of its course? What is the 
extent of the delta of the Danube ? 

21. Give a section showing the form of the bottom of the 
Atlantic between Ireland and Newfoundland. Give an outline 
sketch of the form of the land enclosing the Atlantic Ocean. 
What are the chief river-systems communicating with the 
Atlantic? State the solid and gaseous contents of oceanic 
water in mid Atlantic. 

22. What is a drainage area ? How is the drainage area of 
a stream determined? What proportion of the rainfall of a 
district is estimated to run off the surface in streams ? What 
becomes of the rest of the rainfall ? 

23. Trace the history of a glacier from the fall of snow on 
the mountain above to the melting of the ice in a valley or in 
the sea. What is the approximate length of the great glaciers 
of the Alps, the Himalayas, and New Zealand ? 

24. State the composition of the atmosphere. How is 
moisture contained in the atmosphere ? How are winds 
produced ? What are trade winds ? What modifications of 
the trade winds occur in the Indian Ocean? What are the 
"Horse latitudes?" 

25. What are the elements of climate ? In what essential 
points do the climates of New York (N. lat. 40° 41') and 
Naples TN. lat. 40° 50') disagree? What are the physical 
causes oi this disagreement? Compare Uie climates of New 
York, London, Naples, and Vienna. 

26. How are volcanic eruptions related to earthquakes? 
What evidence do you know to exist of the uniform condition 
in respect of earthquake and volcanic action of the whole area 
of land and sea bottom between the Alps and the Atlas moun- 

2 
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tains ? In what parts of this area is there evidence of existing 
subterranean movement ? 

27. What are the natural groups of plants characteristic of 
the equatorial, tropical, sub-tropical, warm temperate, and cold 
temperate zones, respectively ? What kind of drees are charac- 
teristic of Central Europe ] What botanical districts are repre- 
sented in the flora of the British Islands 1 

28. What id the characteristic distinction between the 
monkeys of the Old and New World 1 How are the typical 
felines of tropical Asia represented in tropical America? 
What ruminants in America represent the camel of Asia and 
Africa 1 Illustrate the axiom that "parallels of latitude are 
e(]^uivalent to regions in elevation and depth," by some instances 
within your knowledge. 

29. What are the points of distinction between the Arabs, 
the Negroes, and the Hindoos ? What is believed to have been 
the origin of the Celtic nations, and what are their principal 
branches ] What coimtries are now occupied by the Caucasian 
tribes? 

30. State the effect of human influence in modifying climate 
in Northern Europe, and in the extermination of certain tribes 
of animals. 



1868. 

First or Easy Paper, for 3d, 4th, and 5th Classes. 

1. How are the various groups of islands distinguished 1 
Give examples of each group. What are the varieties of coral 
islands ? Illustrate by a plan and section the usual structure 
of a coral island and its contained lagoon. 

2. Describe the position, magnitude, and general form of the 

great masses of land. Mention the height a^ove the sea of the 
ighest mountain summits of each, and the names of the prin- 
cipal mountain-chains. What is the depth and what tJie ap- 
proximate position of the deepest part of the Atlantic ? 

3. Describe the characteristic structure of table-lands and the 
form of the valleys that intersect them. What part of Europe 
affords the best example of table-lands? What part of the 
world has the most extensive table-lands 1 

4. State what are the remarkable and contrasting features of 
the deserts of Africa and Asia, and the pampas and llanos of 
South America, 
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5. State the following particulars conceroiiig the Gulf 
Stream : — (1) its origin or starting point ; (2) direction of its 
course ; (3) breadth and depth of its stream at various points ; 
(4) temperature at various points ; (5) the parts of Europe it 
approaches. 

6. State the composition of dry air. Mention the state in 
which water is present in the atmosphere. How does the 
presence of water in the atmosphere affect the barometer] 
Explain the mode in which great wind storms affect the 
barometer. 

7. What is wind, and how are regular currents of wind 
explained] How are the regular currents affected by the 
revolution of the earth on its axis? Define and clearly ex- 
plain the phenomena of land and sea breezes on land near the 
sea in warm latitudes. 

8. State the ordinary seq^uence of phenomena in a volcanic 
eruption. What are the active volcanoes of Europe ? What are 
the latest dates of eruptions from them ? Is there any example 
in Europe of constant eruption ? 

9. Mention two principal examples of hot mineral springs in 
England. What are the geysers of Iceland, and how are they 
supposed to have been formed ] What are chalybeate springs ] 
Wnat are the salts most common in spring waters ] 

10. How are icebergs formed ] In what way, to what extent, 
and at what season do the icebei^ coming down from the North 
Polar seas affect the climate of Europe ? 

11. What is meant hj the horizontal and vertical distribu- 
tion of plants ? What is the vertical limit of palms in Mexico 
and the horizontal limit in South America ? 

12. Mention some of the eminently characteristic plants of 
New Zealand. What are the representative food-grasses of 
Northern Europe, tropical Asia, and Nortii America T 

13. Compare briefly some of the representative species of 
animals natural to tropical Asia, tropical Africa, andL tropical 
America. What are the characteristic quadrupeds of Australia ? 

14. Describe the characteristics of the true negro races, and 
mention their range in Africa. 

15. What has been the climatal result of the removal of the 
forests from the great plains of Northern Europe, and how far 
has the change acted on the fauna ? 



352 I»BY8ICAL GEOGRAPHY. 



Second or Difficult Paper, for 1st, 2d, and 3d Classes. 

16. Describe the peculiarities of coral islands. Describe, 
with the aid of a plan and section, the nature of a barrier reef. 
Mention an instance of some remarkable barrier reef and its 
extent. 

17. Give one example of results produced by each of the 
following causes of change that are now modifying the physical 
features of the earth : — (I) heat, (2) cold, (3) rain, (4) wind. 

18. State an instance of (1) the largest, (2) the most elevated, 
and (3) the most depressed sheets of water at present known on 
the earth. State approximately the dimensions and relative 
level of each, and whether they are of salt or fresh water. 

19. Give, as far as possible in a few words, the history and 
progress of the Atlantic tide-wave, mentioning (1) its magni- 
tude in open water, (2) an example of extreme magnitude and 
the cause, (3) the time the wave takes to make the tour of Great 
Britain. 

20. Distinguish between the dry atmosphere and the vapour 
atmosphere. What is the effect of the vapour atmosphere on 
the heat rays of the sun as they pass to the earth ? What is its 
effect on radiation from the earth ? Explain the difference of 
principle involved in the use of the barometer and thermometer 
for measuring altitudes. 

21. Explain why springs of cold water are generally affected 
by seasonal influences, and thermal mineral springs rarely so 
affected. Mention three remarkable theiinal springs. State 
some of the grounds on which a relation between thermal 
springs and volcanoes is assumed. 

22. State the distinctive peculiarities of cyclonic storms, 
showing in what essential points they differ from ordinary 
wind storms. Describe by a sketch map the ordinary path 
of West Indian hurricanes. State the directions the wind 
takes in backing round the compass in such storms in the 
northern hemisphere. Explain and account for the formation 
of a great sea wave during a hurricane. 

23. What are the physical causes that affect climate ] Dis- 
tinguish between climate and weather. Explain why there is 
a marked difference in climate between places in similar lati- 
tudes on tiie European and American shores of the Atlantic. 

24. What are the onlinary phenomena of an earthquake 
shock ? What variety of motion is experienced during great 
earthquakes ? Give an instance of a large extent of the earth's 
surface affected by a single earthquake. Are earthquakes more 
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frequent at certain seasons 1 If so, what are the seasons of most 
frequent movement. 

25. What are the natural limits of the migration of plants 1 
What examples are there of niigrations that have overstepped 
these limits, and how can they be explained 1 What has oeen 
the result of the introduction of civilization on the migration 
of plants ] 

26. Illustrate by examples the characteristic and repre- 
sentative faunas of Australia and South America. How far 
have the natural faunas of these countries been interfered with 
by human occupation ? 

27. Mention examples of social and solitary plants respec- 
tively. What is the characteristic of tropical vegetation in 
this respect, and how far does cultivation tend to multiply or 
reduce the number of species distributed in a botanical region ? 

28. Mention some examples of the influence of isothermal 
lines on the distribution of animals. What animals in tropical 
South America represent the elephsmt, the camel, and the lion 
of India ] What is the occasional range of the Bengal tiger ] 

29. What are the recognised divisions of the human family ? 
State some characteristic differences between the negro, tne 
Hottentot, and the Australian native. What is the natural 
habitat of the true negro ? 

30. Give an example of the result of human influence in 
modifying the physical features of a large extent of coimtry. 



1869. 

First Stage, or Elementary Examination. 

Easy Questions. Three at least mvM he answered, 

1. Explain very briefly the earth's form and motions, and 
the meaning of latitude and longitude. 

2. What are mountains % Mention the names of the great 
mountain-chains of the eastern hemisphere. 

3. Describe the nature and causes of the land and sea breezes 
that blow within the tropics. 

4. Explain the nature of a river delta. 

Additional Questions. Four only to he attempted. 

5. Explain the origin of rivers and the nature of a river- 
system. 
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6. What are the principal elements of climate ) 

7. Mention the various races of men and the countries thej 
inhabit. 

8. What animals in the western hemisphere represent the 
lion, the elephant, and the camel of the eastern hemisphere 1 

9. Explain the phenomena of the tides. 

10. Name the three principal active volcanoes of Europe, and 
state the nature of the material of which a volcanic cone is 
formed. 

11. State the names of the three principal oceans, and 
illustrate by a diagram the general form of the ocean between 
Europe and North America. 

12. Describe briefly the course of a cyclone or circular storm 
in the northern hemisphere. 



Second Stafire, or Advanced Excunination. 

Easy Qiiestions. Three ai least mvM he a/inswered. 

a. State what is meant by the polar and equatorial diameters 
of the earth, and the amount of difference between them (called 
the compression). What are the limits of the tropics ? 

h. What is the proportion of land to the whole surface of the 
earth 1 State the height of the loftiest mountain and the depth 
of the deepest sounding. 

c. Explain the cause of periodical winds and the special 
phenomena of the trade winds. 

d. Explain the terms " vertical and horizontal distribution '* 
and " distribution in time " as used in physical geography with 
reference to plants and animals. 

Additional Questions. Not more than four to he attempted. 

e. Illustrate by the aid of a diagram the general facts con- 
cerning the geographical axis of the eastern hemisphere, men- 
tioning the names of the chief mountain-systems and the height 
of the culminating points of the Ihost familiar. (14.) 

/. Give a general outline of the principal drainage areas con- 
nected with the Mediterranean Sea, stating the approximate 
length of course and the position of the sources of the principal 
streams. ^12.) 

g. Mention the different kinds of clouds, and explain the 
phenomena of mist, fog, and dew. (15.) 
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h. What are the differences recognised in earthquake move- 
ments, and of what kind are the earthquakes that have been 
felt in England ? What relation has been suggested between 
earthquake bands and the general form of land ? (12.) 

i. Trace the probable course of the Gulf Stream from its 
presumed origin in the Pacific to its disappearance in the North 
Atlantic Ocean. (N.B. — A diagram will receive extra marks.) 
What is a sargasso sea ¥ (17.) 

j. From which of the prindpal typical families of man are 
derived (1) the Magyars of Hungary ; (2) the Bosjesmans or 
Bushmen of South Africa ; (3) the native Australian tribes 1 
(12.) 

h Explain the terms isothermal, isotheral, and isocheimenal, 
and mention some town in the United States that has the same 
mean annual temperature as London, stating approximately the 
difference of latitude and the distinguishing characteristics of 
climate in each case. (16.) 

L What is the present range and limit of the reindeer, and 
what conditions oi climate must probably exist that the rein- 
deer should reach the slopes of the Alps and the Pyrenees 1 
What proof exists of the distribution of the reindeer in time 
involving such distribution in horizontal space. (20.) 



Honours Examination. 

Of this paper only four of the six questions are to be attempted. 
The value oi each question is the same. (25 marks.) 

p. Define clearly the object of physical geography and its 
rehitions with cognate sciences. Explain in what way and to 
what extent the motions of the earm .in space are subject to 
periodical change, and the possible influence of such chuige on 
the distribution of life on the globe. 

q. Trace generally the connexion of the inclination of the 
plane of the earth's orbit to the plane of the ecliptic with those 
movements of the atmosphere that belong to the class of periodic 
winds ; and describe in detail the causes and essential charac- 
teristics of the trade winds and monsoons, and of cyclonic 
storms in both hemispheres. 

r. Give a general account of the phenomena of fresh water 
lakes, as well those that connect witn the ocean as those that 
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are receptacles of internal drainage. Explain the possible 
origin oi mountain lakes in certain localities by reference to 
glacier action, and mention cases in which this explanation is 
apparently insufficient and unsatisfactory. Mention instances 
of great waterfalls connected with great lakes, and the possible 
result of the recession of such watenalls on the inland cbainage 
of large tracts of land. 

8, illustrate the relation between earth(][uakes, volcanoes, 
and mud volcanoes by a sketch map showing the position of 
earthquake bands and bands of volcanic activity. Is there 
proof on the earth of the gradual shifting of lines of volcanic 
energy, and, if so, can you suggest any connexion between such 
lines and the geograpmcal axis of a district or continent ? 

t Describe and contrast the faunas and floras of the Indian 
Archipelago and Australia. State the proximate climatal cause 
of these biological conditions, and their dependence on the form 
and elevation of the land. What conditions of the earth's sur- 
face are suggested by special floras and faunas, such as that 
of Australia, and how do such suggestions become useful in 
considering the distribution of plants and animals in time? 
Illustrate this by reference to the flora and fauna of the early 
tertiary and middle secondary periods of the earth's history. 

u. State generally the results of human influence in modify- 
ing the earth's crust. 



1870. 
First Stage, or Elementary Examination. 

1. Explain what is meant by longitude. What is the length 
of a degree of longitude at the equator and in the latitude of 
London ? 

2. What are the chief promontories of Asia ? In what direc- 
tion do they point ? What is the form of AMca ? (a diagram 
if preferred). 

3. Name (a) a large inland sea communicating with the ocean 
(h) a salt lake, (c) an important fresh- water lake. State in each 
case the geographical position. 

4. What is the origin of raini Why is rain distributed 
imequally over the earth ? Mention certain districts without 
lain in ordinainr years. 

5. What is dew 1 Mention the conditions of the air favour- 
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able and unfavourable for its deposit. What is the season of 
heaviest dew in the British Islands ? 

6. Name one of the great rivers in the Old World. State 
the position of its chief sources, and their height above the sea, 
the names of the chief tributaries, the circumstances under 
which the river reaches the sea, and the countries it passes 
through. 

7. Explain the difference between the tidal wave in the open 
Atlantic and the tidal wave advancing up the English Channel. 

8. What is the air ? What are wmd storms ; and what is 
the difference between periodical and permanent winds ? 

9. Where is Mount Heclal Give proof of the existence 
of subterranean communication between Etna and Vesuvius. 
Mention another European active volcano (not in Italy) and 
its position. 

10. Mention two food-plants and two tribes of aTiimals all 
characteristic of the tropics. Mention corresponding plants 
and smimals in temperate climates. 

11. Point out an essential difference between the monkeys 
of the Old and New Worlds. To which of the six principal 
divisions of the land are monkeys now limited ? What are 
the characteristic camivora of Asia, and what the genera that 
most nearly represent them in South America and Australia ] 

12. What is the geographical home of the negro 1 What are 
the two principal varieties of the negro in South Africa ? De- 
scribe some of the marked peculiarities of the true negro and 
these two varieties. 



Second Stage, or Advanced Examination. 

20. Illustrate by a diagram the position of the earth in the 
solar system. Explain and illustrate the earth's orbit round 
the sun. What is the ecliptic, and what is the cause of the 
variety of seasons 1 

21. Mention the two principal plateaux of Europe, stating 
their approximate height above the sea, their geographies 
position relative to the great elevation-axis of the Old World, 
and the principal streams crossing them. What is the usual 
characteristic of valleys occurring in plateaux 1 

22. Mention two tropical islands or groups of islands, one in 
the Indian Ocean, another in the Atlantic. Mention in regaKl 
to each any characteristic plants or animals, any physical 
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peculiarities (moTmtaiii-cliains, volcanoes, coral growth, etc.), 
and anything remarkahle in their human inhabitants. 

23. Compare the prairies of North America, the pampas of 
South America, and the steppes of Russia. (18.) 

24. Explain the drainage system of the Nile, so far as it is 
now known. State the nature and extent of the Nile delta. 
What are the probable causes of the annual rise and overflow 
of the Nile in Lower Egypt ? What are the economic results 1 
(25.) 

25. Give an account of the Indian Ocean, accompanied by a 
diagram. State the estimated extent of this ocean, its prevail- 
ing currents, its winds, its chief islands, and the principal 
rivers that empty into it. (27.) • 

26. Give an accoimt of the circulation of water through and 
by means of the atmosphere. Mention the mean annusu rain- 
fall in England, and the maximimi rainfall recorded in India. 
What part of the mean annual rainfall in England is believed 
to be re-evaporated, and what proportion is estimated to run 
off the surface ? (25.) 

27. What is the atmosphere 1 Mention its composition, its 
supposed limits, and its mfluence on the distribution of light 
and sound. (26.) 

28. What is the estimated law of increase of temperature in 
the interior of the earth ? Mention three remarkable tihermal 
springs and their temperature. Show groimds for assuming a 
relation to exist between certain thermal springs and earth- 
quakes occurring at a great distance. (28.) 

29. How are glaciers formed 1 What is the difference be- 
tween icefloes and icebergs? Whence are derived the ice- 
bergs of the North Atlantic, and what is the usual course they 
take 1 (27.) 

30. Show by a diagram and explain the northern limit of 
natural growth of palms and forest trees. State also the limit 
of cultivation of nee and wheat in the Old and New World 
respectively. (28.) 

31. Mention the Indo-Ctermanic races of man and their 
chief subdivisions, noting the countries they inhabit and Uiose 
to which they have migrated in recent times. (30.) 
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Honours Examination. 

40. What is meant by the expression "inequalities of the 
earth's surface?" How far do they appear systematic and 
dependent on the internal structure of the eari^h? How far 
may they be due to superficial causes? Prepare a diagram 
illustrating these inequauties, ranging from the North Pacific 
to the Indian Ocean, and including the following localities : 
Bocky Mountains, Appalachian Mountains, Telegraph Plateaux, 
British IslandsJSrortn European Plains, Caspian Sea, Himalaya 
Mountains. (Horizontal scale, 1 inch =: 1000 miles. Vertical 
scale, 1 inch =r 5 miles.) 

41. Trace the course and history of one of the following ^eat 
rivers : — Ganges (including Bramaputra), Indus, Mississippi- 
Missouri, St Lawrence, .^^azons, Nile. Mention details of 
drainage area and rainfall, position of sources and countries 
traversed, details of chief tributaries, particulars concerning 
lakes, rapids, waterfalls, and anastomosing canals, extent <3 
navigable waters and tidal action, particulars concerning 
freshets, conditions of embouchure. 

42. Represent by a diagram the form of the North Atlantic 
Ocean. Mark on the dia^am the chief currents, the known 
instances of deep counter-currents, the drift and limit of ice, 
»the position of the Sargasso Sea. Mention some of the results 

of recent investigation concerning the state of organic life in 
deep water. 

43. State the physical conditions requisite for the existence 
of organic life, ohow the probability tnat these are limited to 
a definite portion of the history of a planet Enunciate the 
theory of evolution as explaining the present state of the globe, 
both with regard to inorganic ana organic nature, by a reference 
to its past history and to the intimate interdependence of the 
inorganic and organic world. How far does the evolution 
theory, fully earned out, include, and in what does it differ 
from, the views of absolute Uniformitarians, and those who 
accept fully the doctrine of Catastrophism 1 

44. Illustrate the value of reptiles in the treatment of ques- 
tions concerning the distribution of animals on the earth, (1) 
in horizontal space, (2) in vertical space, (3) in time. Men- 
tion characteristic forms of reptilian life occurring now in 
tropical Asia, tropical Africa, and tropical America. What 
Australian reptiles are known, how do they agree with those 
of other countries, and for what are they remarkable 1 What 
is the range of Lacertian reptiles at present, and how far does 
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this group throw light on what is called the " Reptilian period ** 
of geologists ? What links, connecting reptiles with birds on 
the one nand, and reptiles with fishes on the other, have been 
discovered by palaaontological research ? 

45. Give a brief outline of the discoveries proving the exist- 
ence of human tribes having a certain amount of intelligence i 
and cultivation, at a period when the distribution of hmd and \ 
water, and the climate of Northern Europe, were so exceedingly 
different from the present as to involve the lapse of a long 
period of time. 



1871. 

First Stage, or Elementary Examination. 

1. What is the figure of the earth ? What is the equator ? 
And what are the poles ? 

2. What is the proportion of the earth's surface that is 
covered by water ? Is there more water north or south of the 
equator 1 

3. What are the two principal rivers of India 1 From what 
mountain-chain do they origmatel Into what seas do they 
enter 1 And with what ocean do these seas communicate ? 



4. What is the position of the Alpine mountain-system in 
Europe ? What are the principal spurs or branches proceeding 
from it ] What is the direction of each ? 

6. What is the general form of the bed of the Atlantic be- 
tween Ireland and Newfoundland? What is the greatest 
depth of water in this part of the ocean ? 

6. Mention the prevalent winds experienced by a ship pro- 
ceeding from London to the West Indies. 

7. What is a cloud 1 What are the varieties of clouds ? 
What is the relative height of the different groups of clouds ? 

8. Compare the climates of Ireland and Newfoundland. 
What are the causes of the difference of climate in these two 
localities ? 

9. What is a volcano? What are the substances ejected 
during an ordinary volcanic eruption ? 

10. Mention some of the prmcipal food-plants, the places 
whence they were originally obtained, and the parts of the 
earth where they are chiefly consumed. 
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11. "Wliat is the limit of distribution of monkeys? What 
are the differences between the four-handed animals of the Old 
World and America 1 

12. Compare the native races of men of tropical Africa with 
those of tropical America. 



Second Stage, or Advanced Examination. 

20. Why are degrees of latitude and longitude not equal in 
length ] What is the difference between a degree of latitude 
and a degree of longitude in the latitude of London 1 

21. Wliat are the limits of the temperate zones] Why are 
the climates of land similarly situated as regards latitude in 
the north and south temperate zones very different ? Give an 
example. 

22. Explain and illustrate by an example the difference be- 
tween oceanic and continental islands. 



23. Illustrate, by the aid of a diagram, the form of the 
Atlantic Ocean, and of the great inland seas connected with 
it. (24.) 

24. Give a detailed account of the chief physical phenomena 
connected with the course of some one of the great rivers of 
Northern Europe. (24.) 

25. Give an account of the system of the great American 
lakes and their outlet to the sea. (24.) 

26. Give some account of the Pyrenean chain, mentioning 
the general elevation of the eastern part, and the nature of the 
difference between the north and south slopes. What is the 
height of the snow-line 1 (24.) 

27. What regions on the earth are least subject to rainfall, 
and what part of England has the heaviest rainfalls ? (20.) 

28. Describe the different varieties of earthquakes, and the 
relative importance of each. (25.) 

29. What are the natural barriers generally interfering with 
the distribution of life on the globe? Give an example of 
limitation of species by such barriers. Give also an example 
in which important natural barriers seem to have been over- 
passed. (28.) 

30. State and explain sdme of the results of the peimanent 
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occupation of a conntiy by civilized men on the dimate and 
v^etation of the conntiy. (30.) 

31. Give a general outline of the physical geography of 
Australia. (30.) 



Honours Examination. 

40. What is the piesent state of knowledge with r^ard to 
the bed of the deep ocean, its depth, sui&ce, and deep cur- 
rents, temperature and density at various depths, and living 
inhabitants ? 

41. State Bailey's theory of winds, as enunciated by Hadley, 
and give a brief explanation, according to this theory, of the 
phenomena of trade-winds, monsoons, and prevalent winds. 
Mention other theories since advanced, and the corresponding 
explanations. 

42. Describe the whole sequence of the phenomena relative 
to the origin, growth in upper valleys, advance into lower 
and sheltered valleys and ultimately into the sea, the recession 
and the final disappearance of a group of glaciers forming an 
ice-cap. How far may the drainage of a large tract of &nd 
and the amount of weather action on the surface become 
affected by changes in the magnitude and range of a system of 
glaciers 1 

43. Explain and illustrate the phenomena of thermal 
springs. 

44. Mention the subdivisions of the Mongol type of the 
human race, the countries inhabited by the principal branches, 
the mixtures of the Mongol with other types, and the influence 
of Mongol races on the progress of civilization throughout the 
world. 

45. Give an account of the physical geography of Africa. 



k. 



1872. 
First Stage or Elementary Examination. 

1. What is meant by Physical Geography? How does 
Physical Geography differ from Descriptive Geography and 
from Geology 1 

2. Bxplam the meaning of the following terms, and give an 
example of each : (a) Mountain-system, (o) River-system. 
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3. What is a volcano ? Where are the principal groups of 
volcanoes ? Name the chief volcanoes of Europe. 



4. What are the three great oceans 1 Do the great oceans 
open into each other, and if so by what channek ? What are 
the largest islsinds, and where are they situated ? 

5. Explain in what way a broken and irregular coast-line 
may be an advantage to a country. Mention an island re- 
markable for its irregularity of coast. Mention some large 
tract of land having an unbroken coast-line. 

6. Give an account of the whole course of some important 
river, mentioning its sources, its chief tributaries, its lakes 
and waterfalls, and the circumstances under which it reaches 
the sea. 

7. What is a glacier 1 Where are the chief glaciers of 
Europe? 

8. JDescribe the trade-winds, and explain their cause. 

9. In what coimtries near the sea-level, and within what 
altitudes within the tropics, do pines grow freely 1 What food- 
plants are most common in the pine region ? 

10. In what countries are humming-birds found 1 Within 
what limits are birds of brilliant plumage for the most part 
confined ? To what countries is the ostrich limited] 

11. What proof is there that the human race existed on the 
earth at a time when the climate was very different from that 
which now prevails ? 

12. Mention some of the more striking changes produced in 
Australia on the distribution of quadrupeds since the country 
has become partially occupied by civilized races. 



Second Stage, or Advcmced Examination. 

20. Explain clearly the reason why there is a difference of 
local time between Greenwich and Paris. What is the hour in 
the Red Sea, near Aden, in longitude 45° E., when it is 8 a.wu 
in London 1 What is the hour at the same time at the Gulf of 
Mexico, near New Orleans, in longitude 90° W. ? 

21. What is meant by the snow-line on mountains 1 What 
is the height of the snow-line on Mont Blanc ] What is the 
height in Mexico ? 
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22. What is the cause of twilight ? Where is twilight of 
longest duration ] At what season in England is t'vmight 
shortest ? 



23. Explain clearly by an account of the Rhine, and assisted 
by a diagram, the nature and details of a complete river-system, 
including all the incidental phenomena. 

24. Give an example of some important plain, stating its 
most striking physical features. Mention three characteristic 
facts concerning its vegetation and animal inhabitants. 

25. Trace the course of the tidal wave in the Atlantic from 
the equator round the shores of England to the Straits of 
Dover. What is the difference of time between high water in 
the British Channel, near Folkestone, and in me German 
Ocean at the mouth of the Thames 1 

26. Compare the mean annual temperature and climate of 
two well-known places or countries in the northern and 
southern hemispheres, having nearly the same latitude, taking 
for examples either England and New Zealand, or Malaga and 
the Cape of Good Hope. Explain, as far as you are able, the 
cause of the difference. 

27. Give as complete an account as you are able of the dis- 
tribution of volcanoes on the earth. N.B. A well-constructed 
diagram-map will be the best answer. 

28. What countries have rainy seasons 1 In what parts of 
the world does rain fall occasionally all the year round ] In 
what parts does rain very rarely fall 1 In what part of the 
world IS the heaviest recorded rainfall ] 

29 . What climates and what particular countries are most 
remarkable for reptile life ? What parts of the world contain 
few or no noxious and powerful reptiles ] 

30. In what respects are the tropics remarkable with regard 
to the development of vegetable and animal life 1 What are 
the largestquadrupeds and the handsomest birds of the Old 
and New World respectively ; and how far can those of one 
division be regarded as representatives of those in the other 
division 1 

31. Mention the principal families of the human race in- 
habiting the plains of Northern Europe, the plains of North 
Asia, the southern parts of Africa, the parts of North America 
east of the Alleghanies, and the empire of Brazil. In the case 
of emigiant laces, &ta\A ^"^ <^>xxi\3^s& they originally bdoQged to. 
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Honours Examination. 

40. Explain and illustrate the laws that govern dunate. 
Define clearly what is meant by isothennal» isotheral, and 
isochimenal Imes. Mark on a diagram-map the course of some 
important isothermal upwards of zO° north of the equator, and 
mention some of the chief cultivated plants of whicn it is tlie 
boundary. 

41. lUustrate the phenomena of evaporation in reference to 
rain and rivers, and trace the history of water evaporated from 
the sea, travelling through the atmosphere, descending to the 
earth, and conveyed back to the ocean. 

42. Give a brief outline of the main facts concerning so 
much of the physical geography of Europe as relates to the 
distribution of land. 

43. Describe the distribution of plants in vertical space in 
the south of Europe, in Asia Minor, and in the islands of the 
Eastern Atlantic. 

44. Describe in general outline the method you would adopt, 
the divisions of the subject you would suggest, and the general 
grouping of the facts, if you were called on to teach the subject 
of Physical Geograplnr to a class till then ignorant of more 
than the rudiments oi Descriptive Geography. 



1873. 

First Stafire, or Elementary Examination. 

1. State what is meant by latitude and longitude, and show 
why the longest day in Edinburgh is longer than the longest 
day in London. 

2. Describe an archipelago, and mention two important 
groups of islands, one continental and the other oceanic. 

3. Explain the difference between rain and dew, and mention 
the conditions under which each is formed. 

4. Mention an important mountain-system, pointing out the 
mountain-chains of which it is made up, and the height of its 
loftiest summits. 

5. Explain what is meant by the weight of the aff, and 
describe how the pressure of the air is measured. How far 

2 a 
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are occasional and periodical winds dependent on changes in 
the pressure of the air ? 

6. What are the principal inland seas on the two sides of the 
North Atlantic Ocean? Explain the difference between an ; 
inland sea and a lake, and state whether the Caspian is a lake 
or an inland sea. 

7. Show that subterranean communication exists between 
distant volcanoes of the same system. 

8. Mention the principal rivers emptying into the Mediter- 
ranean, stating in each case the chief sources of the river, and 
whether it terminates in a delta. 

9. Explain and illustrate by examples the terms '' flora '' and 
« fauna.* 

10. State where the larger camivora are chiefly found, and 
mention the natural habitat of the horse, the ^ephant, the 
rhinoceros, and the hippopotamus. 

11. Show how far the advance of civilization has affected 
the climate of Northern Europe. 

12. Explain the difference between an iceberg and a glacier. 
Mention in what parts of Europe glaciers are now found, and 
how far south in the Atlantic icebergs generally drift. 

13. Give an account of a cyclonic storm or West Indian 
hurricane, stating where such storms usually commence, and 
the course they take. 

14. Illustrate by a diagram the form, the relative position, 
and the comparative magnitude of the principal submvisions 
of the great continent. 

N.B. — No description without a careful diagram will 
obtain marks. 

15. Describe the various races of men, and the present dis- 
tribution of each. 

16. What are the principal food-plants of Western Europe ? 



Second Stagre, or Advanced Examination. 

20. Explain the phenomena of the seasons, and show why it 
is that with us in the northern hemisphere summer is warmer 
than winter, although the sun is then more distant from the 
earth. 

21. Qive a general outline of the physical features either of 
Great Britain or Ireland. 



EXAMINATION PAPERS. 367 

22. Explain and illustrate by examples the physical char- 
acteristics of low plains and plateaux. 

23. Mention the river-systems of the Iberian peninsula, and 
the sea into which each is drained. 



24. Describe the Baltic Sea, the nature of its waters, and the 
climate of its bordering countries. (30.) 

25. Illustrate by a carefully-drawn map the position of the 
mountain axis of the Old World, pointing out the main divi- 
sions of the mountain-system, and the position and elevation 
of the loftiest mountain-summits. Denote also the position of 
the chief spurs or subordinate mountain-chains. (28.) 

N.B. — No description will receive marks without a dia- 
gram. 

26. Contrast the climate in similar latitudes on the eastern 
and western coasts of the two great oceans in the northern 
hemisphere. (28.) 

27. Mention the chief quadrupeds of the pampas of South 
America and the plains of Australia, showing how far diflfer- 
ences of climate account for the differences of structure and 
habit. (28.) 

28. Give an account of the peculiarities of vegetable life 
observed in South Africa, and contrast the characteristic vege- 
tation of South Africa and South America within similar limits 
of latitude. (26.) 

29. Describe the present state of knowledge with regard to 
the deep ocean, especially as to depth and temperature. (26.) 

30. Describe a solfatara. State whether solfataras are 
Hmited. to the neighbourhood of active volcanoes. What are 
the gases chiefly evolved during the early part of a volcanic 
eruption ? (22.) 

31. State what portions of the earth are now peopled by 
Mongols or their descendants. ^20.) 

32. Describe the formation oi cloud, and mention the dif- 
ferent kinds of clouds. Explain the cause of grayness and 
intense blueness in the colour of the sky, and point out what 
weather is indicated by intense blueness on our coasts. (24.) 

33. Describe and explain the varieties of coral reefs and 
coral islands, and mention the prevailing theories accounting 
for their existence. (24.) 

34. Give an outline of the limits of distribution of the 
different kinds of whales. (22.) 
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Honours Examinatioii. 

40. Give a brief account of the principal details of the 
physical geography of the Asiatic part of the great continent 
(75.) 

41. Give an account of the principal salt lakes, explaining 
in each case the causes that have influenced their existence. 
Account for the extreme saltness of some lakes by a reference 
to the nature and proportion of the saline contents of the 
water. (60.) 

42. State in as few words as possible the sequence of events 
and phenomena in a complete volcanic eruption. Point out 
at wnat period in the history of a volcanic district salses or 
mud volcanoes are produced. Mention instances of the erup- 
tion of boiling water, boiling mud, and cold mud, and the 
attendant circimistances in each case. (50.) 

43. Compare the indigenous large birds of South Africa with 
those of Australia, New Zealand, and the islands of the Indian 
Ocean. Give some account of the species known to have 
existed in recent times, but now supposed to be extinct. 
Illustrate the theory of natural selection by reference to the 
natural history of species of large birds in tms region. (75.) 

44. Explain in wnat sense and to what extent geographical 
and physical maps and globes in which height is represented 
only by shading, models and physical globes in which ike 
scale of heights bears no defimte proportion to that of dis- 
tances, and diagrams in which proportion is not strictly 
observed, may be useful in teaching physical geography. Point 
out clearly what sources of error they involve if used without 
proper explanation. (65.) 

45. What advantages might be anticipated to result to 
physical geography from a well-conducted and successful 
arctic expedition ; and what departments should be considered 
the object of chief study in tne expeditions to the southern 
hemisphere to observe the next transit of Venus. (80.) 

46. Explain and f uUy account for the various phenomena of 
rain, snow, and hail. What rainfall does a fall of six inches 
of snow represent 1 Under what circumstances and conditions 
of the atmosphere are snow-flakes very large and very perfectly 
crystallized f Illustrate by a diagram the forms of crystalliza- 
tion of the snow. (80.) 

47. Describe the physical changes produced in North 
America by the introduction of civilized races of men. State 
whether the results are in any sense final, or whether the 



EXAMINATION PAPERS. 369 

changes are likely to continue and increase. Give any illus- 
tration you may be aware of, showing that the effect of human 
interference on faima and flora depends in some measure on 
geographical position. (85.) 

^. Contrast the food-plants of Western Europe and Eastern 
Asia in similar latitudes in the north temperate zone, dis- 
tinguishing where possible between native and introduced 
species. (60.) 



PHYSIOGEAPHY. 



First Stage, or Elementary Course. 

The candidate will he expected to have a knowledge of ordinary 
descriptive and physical geography so far as required by the dth 
and 6th standards of " the new Code " atid of the specific special 
subjects of secula/r instruction — principles of mechanics and physi- 
cal geography. Questions may be set in these subjects. 

The parts played by gravitation, cohesion, and chemical 
affinity in producing chemical and physical differences in 
matter. 

Elementary ideas of the various conditions of matter as 
regards energy, embracing heated states and electric and mag- 
netic states. 

Elementary notions of chemical action, the formation of 
binary compounds. 

Breaking up of compound matter into simpler forms. The 
chemical elements. 

Water, its composition and different states. 

Chemical and physical character of the crust of the earth. 
Rocks, stratified and unstratified. Inorganic materials : — the 
more frequent simple minerals and rocks formed of them : — 
granite, volcanic products, ancient and modem ; sedimentary 
rocks, conglomerate, sandstone, shale ; limestone, gneiss, slate, 
marble, sand, mud, surface soil. Materials partly produced by 
organisms : — Coal, peat, chalk, coral, limestone. Bodies of 
which these are compoimds. 

The chemical elements of which the crust is chiefly composed. 

Observations indicating an increased temperature in the 
interior of the earth. 

Volcanic phenomena and distribution of volcanoes. 

Earthquakes ktA %\o>n u^\ie,'o.vals and subsidences of the 
earth's crust. 
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The Sea :— 

Salts dissiplved in sea water, depth and form of sea bottom, 
remarkable inequalities. 

The chief currents. 

Distribution of temperature and density. 

Phenomena of arctic and antarctic regions. Floes, pack ice, 
icebergs, etc. 

Action of the sea upon the Earth's crust. 

Influence of the sea in the distribution of climate. 

The Atmosphere : — 

Height and composition ; atmospheric pressure ; use of the 
barometer. 

Distribution of temperature, horizontal and verticaL 

Use of the thermometer. 

Evaporation and condensation. 

Aqueous vapour, rainfall, ice, and snow. 

Regions of extreme dryness and of great rainfalls. 

The prevailing air currents ; cyclones. 

General conditions of climate. 

Action of rain, springs, rivers, and glaciers upon the earth's 
crust. 



General ideas of the changes which the earth's surface has 
imder^one in the past, and of the evidence as to the succession 
of various forms oi life. 



Elementary notions as to the eflfects of terrestrial electricity 
and magnetism. Thunderstorms ; aurora ; the mariner's com- 
pass. 



Second Stage, or Advanced Course. 

Questions may he set in all the topics included in the Elemen- 
tary cov/rse, andj in addition, in the following ones : — 

Principles of construction of the telescope. 

The solar system : — 

Plane of the ecliptic : — Precession of the equinoxes ; in- 
clination of the equatorial planes of the chief planets to the 
ecliptic ; elliptic orbits j changes in the line of apsides j 
Uod§», 
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The real motions of the earth and apparent motions of the 
Btars ; measurement of time and longitude. 

Measurement of the surfEu^e, size and true shape of the earth. 
General idea of the work of geodetical surveys and instruments 
employed. Map projections. 

Measurement of the earth's density. Methods employed and 
results obtained. The nature of the earth's interior. 

Measurement of the distance of the moon, and of the sun ; 
dimensions of the solar system, and of the distances of the stars. 



Theory of ether. Action of matter on ether. Propagation 
and velocity of light. 
The principles of spectrum analysis. 

General physical and chemical description of extra terrestrial 
matter : — 

Classification into hot and cold masses ; bodies studied by 
their radiation alone ; bv their radiation and absorption ; by 
their reflection ; general idea of distribution of these masses. 
(1.) NebulsB and comets ; meteors and meteorites. 
(2.) Stars : — Classification according to their spectra ; vari- 
able stars ; coloured stars. 
(3.) The planets : — ^Atmospheres ; cloud belts ; tempera- 
tures ; crust of Mars ; densities. 
(4.) Satellites ; the moon ; density of the satellites of the 
other planets. 
Physical and chemical constitution of the sim. 

Corona ; chromosphere ; reversing layer ; photosphere ; 
spots ; faculsB. 

Distribution of sun spots and prominences ; spot and pro- 
minence periods. 

The earth compared with the other members of the solar 
system. 

The secular cooling of the earth. 

The present conditions of non-terrestrial matter as throwing 
light on the past history of the earth. Kant's hypothesis. 
Evidence as to the condensation of nebulae into stars. Saturn 
as a type of the formation of rings during condensation. 

The effects of solar radiation : — 

Effects on the vegetable kingdom ; on the atmosphere ; 
chances in barometric f)ressure ; how air currents are pro- 
duced; changes of direction in currents ; effects on the ocean. 



EXAMINATION PAPERS. S73 

Explanation of the daily and yearly changes in the meteo- 
rolj^y of the earth. Possible 11 yearly changes. 

The various causes of secular changes of clunate and their 
effects. 

Combined effect of the sun and moon on the ocean : — The 
tides. 



Distribution of terrestrial magnetism and electricity ; de- 
scription of instruments by which it has been determined ; the 
various periodic changes in the magnetism of the earth. 



Honours. , 

The candidate must possess a soimd knowledge of all the 
subjects contained in the svllabus, but he will be expected in 
addition to show a thorough acquaintance with one of the main 
^oups, including the advances which have recently been made 
m it 



1877. 
First Stage, or Elementary Examination. 

Instructions. 

You are permitted to attempt only eight questions. 

The first four questions must be attempted by you, and you 
are then at liberty to select four others from among the remain- 
ingquestions on the paper. 

The value attached to each question is indicated by the 
numbers in brackets. 



51. What are deltas? How are deltas formed? Name six 
of the largest deltas in the world. (15.) 

52. Why does rain fall in such great abimdance in the west 
of Ireland ? What is meant by the statement that the mean 
annual rainfall of a place is 70 inches ? What becomes of the 
water which falls upon the, earth in the form of rain ? (15.) 

53. What is meant by the snow-line ? Why is the snow- 
line sometimes higher on one side of a mountain chain than on 
the other ? Why do glaciers descend below the snow-line ? ( 15. ) 

54. What is a volcano? Name the active volcanoes of 
Europe, and state in what parts of the same continent extinct 
volcanoes occur. (15.) ' 
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65. State, in the order of their relative abundance, the eight 
chemical elements which enter most largely into the composi- 
tion of rocks. (10.) 

56. What is the difference in compoeition between peat and 
coal 1 By what changes would the former pass into the latter 1 
(10.) 

57. Of what materials are clay, shale, and slate chiefly com- 
posed, and in what respect do these rocks differ from one 
another? (10.) 

58. What is the principal work performed by rivers in modi- 
fying the features of the earth's surface 1 Explain the mode of 
origin of the winding curves in which rivers so frequently 
Adw. (10.) 

59. Draw a sketch map of the Atlantic Ocean, and indicate 
upon it the courses of the chief of the great currents. (10.) 

60. What are the differences between continental and insular 
climates, and how are these differences caused 1 (10.) 

61. In what direction does a magnetic needle in this country 
point, and why does it not everywhere assume a due north and 
south direction 1 (10.) 

62. Why are coral reefs limited to certain restricted areas ot 
the earth's surface ] (10.) 



Second Sta^re, or Advanced Examination. 

Instructions. 

You are permitted to attempt only six of the following ques- 
tions, and the three which stand first upon the paper must be 
included among these. 

The value attached to each question is indicated by the 
numbers in brackets. 



71. A steamer crosses the Pacific from Vancouver's Island to 
Otago. State the nature and direction of the great permanent 
air-currents which she may be expected to encounter at different 
points during the voyage, and explain the causes to which each 
is due. (18.) 

72. Explain the precession of the equinoxes. (19.) 

73. How has the chemical composition of the solar atmos- 
phere been determined, and how can we measure the velocity 
with which the various vapours move in that atmosphere 1 (18.) 
• 74. State the various grounds on which it is inferred that a 
high temperature exists in the earth's interior. (15.) 

75. Explain the origin of ground-ice, pack-ice, and icebergs. 
(15.) 
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76. Describe the several methods by which beds of limestone 
are now being formed upon the earth s surface. (15.) 

77. What conclusions concerning the origin of the physical 
features of the moon have been deduced from its telescopic 
appearance] (15.) 

78. How has the size of the earth been determined 1 (15.) 

79. What are the three elements to be observed before the 
state of the earth's magnetism at any place and time is deter- 
mined ] (15.) 



Honours Examination. 

Instructions. 

You are permitted to attempt oiAj four questions, but these 
may be selected from any part of the paper. 
The value attached to each question is the same. 



91. State the various methods by which the density of the 
earth has been determined. What are the results which have 
been arrived at 1 Compare the density of the earth with that 
of the other planets. 

92. What are the different theories which have been put 
forward in explanation of the origin of volcanic cones and 
craters? State the arguments for and against each of these 
theories. 

93. Explain the nature and probable mode of origin of the 
several different kinds of deposits now being formed in the 
deepest explored portions of the ocean. 

94. State the chief differences which have been observed in 
the stellar spectra, and the conclusipns which may be drawn 
from these differences. 

95. Describe the instruments in a self-recording magnetic 
observatory. 

96. Give an account of the results which have been obtained 
by recent researches in connexion with (me of the following 
subjects : — 

ia.) The constitution of the sun. 
6.) The origin of ocean currents. 

(c.) The di^ribution of temperature on the earth's surface 
during former periods of its history. 

(d.) The nature of the liquids occupying minute cavities 
in the crystals of rocks. 
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EDUCATIONAL WORKS. 



ENGLISH BEADING, GBAMMAB, ETC. 

Ix the initiatory department of instraction a ralnable series of works has been 
prepared by Db M'Cullooh, formerly Head Master of the Girens Place School, 
Edinbargh, now Minister of the West Church, Greenock. 

DB ]|'CTJLL0CH*8 8EBIE8 OF CIA88-B00X8. 

These Books are intended for the ase of Schools where the general mental 
ealtnre of the papil, as well as his profideney in the art of reading, is studiously 
and systematically aimed at. 

They form, coUectirely, a progressional Series, so eonstrocted and graduated 
as to conduct the pupil, by regular stages, from the elementary sounds of the 
language to its highest and most complex forms of speech ; and each separate 
Book is also progressively arranged,— the lessons which are more easily read 
and understood always taking the lead, and preparing the way for those of 
greater difficulty. 

The subject-matter of the Books is purposely miscellaneous. Yet it is 
always of a character to excite the interest and enlarge the knowledge of the 
reader. And with the design of more effectually promoting his mental growtti 
and nurture, the various topics are Introduced in an order conformable to that 
in which the chief faculties of the Juvenile mind are usually developed. 

That the moral feelings of the pupil may not be without their proper 
stimuluf and nutriment, the lessons are pervaded throughout by the religious 
and Christian element. 

NEW AND GREATLY IMPROVED EDITIONa 

Dr M'Calloch*8 First Seading-Book. l)d. 

Do. Large Type Edition^ in two parts, price 2d. each. 

Do. in a series of Sheets for hanging on the Wall, Is. ; 

or on Roller, Is. 8d. 

Dr M*CTilloch*8 Second Seading-Book. 3d. 

Dr Mcculloch's Third Seading-Book, containing simple 

Pieces in Prose and Verse, with Exercises. lOd. Now printed in 
larger type. 

Dr M*Culloch's Fourth Seading-Book, containing only 

Lessons likely to interest With Synopsis of SPELLiNa. Is. 6d. 

Dr M'Culloch's Series of Lessons in Prose and Verse. 28. 
Dr M'Culloch's Course of Elementary Seading in 

Science and Litebaturb, compiled from popalar Writers. 3s. 

Dr M'Culloch's Manual of English Orammar, Philo- 
sophical and Practical: with Exercises; adapted to the Analvtical 
mode of TcitioiL Wm a Chapter <m AncHym ofSmUrttiea. Is. 6d. 



STANDARD RBADINa-BOOKS, 

B7 Jakes Golvillb, M.A., D.Sc, Principal of Newton Place Establisliment, 
Glasgow, formerly English Master, George Watson's CoUege-Scboola, Edin- 
borgh, one of the Educational Institutions of the Mei chant Company. 

F£IM£B: Being Spelling and Beading Lessons Introdactorj to 
Sundardl. {Illustrated.) 36 pages, l^d. 

FIBST 8TANDABD BEADDTe-BOOK ; with Easy Lessons in 
Script, (niustratal.) 95 pages. 4d. in stiff wrapper, or 6d. cloth. 

SECOND STAKDABD BEADIKe-BOOK ; with Dictation Exer- 
cises, partly in Script. {Illustrated.) 106 pages. 4d., or 6d. cloth. 

THIBD 8TANDABD BEADING-BOOK; with Dictation Exercises, 
partly in Script. 144 pages, strongly bound. 8d. 

EOXTBTH STANDABD BEADINO-BOOK; with Dictation Exercises. 
216 pages, strongly bound. Is. 8d. 

FIFTH STANDABD BEADINe-BOOK ; with Dictation Exercises. 
800 pages, strongly bound. Is. 6d. 

SIXTH STANDABD BEADING-BOOK; with Biographical Notes 
and Outlines for Exercises in Composition. 894 pages, strongly bound. 
2s. 6d. 

ARITHMETIC Adapted to the NEW CODE, 

By Albxandeb Tbotteb, Teacher of Mathematics, etc., Edinburgh • 
Author of '* Arithmetic for Advanced Classes/' etc. ' 

Part I. The Simple Rules. .... 88 pages. 2d.^Answers, 3d. 
„ II. The Compound Rules. ... 36 pages. 2d.^Answers, 8d. 
„ III. Practice to Decimals. ... 48 pages. Sd.—AnswerSf 3d. 
Or strongly bound in one Volume, price 8d. 



SCHOOL GEOGRAPHIES, 

By William Lawson, F.R.G.8., St Mark's College, Chelsea; Author of 
" Geography of the British Empire," etc 

Each ufith a Coloured Map by Bartholomew^ 

eEOOBAFHICAL FBIMEB, embracing Definitions of Geographical 
Terms, and an Outline of the Chief Divisions of the World. 86 pages. 2d. 
ENGLAND and WALES ; with a Chapter on Railwajs. 36 pp. 2d. 
SCOTLAND and IBELAND ; with Notes on Kailwajs. 36 pp. 2d. 
THE BBITISH COLONIES. 36 pp. 2d. 
EXTBOPE. 48 pp. 3d. 
ASIA, AFBIGA, and ABIEBIGA. 72 pageSc 4d. 

TI16 alow books, forming LavosarCs Class Book of Geography, may he had hound 

together, price Is. 6d. 

LAWSOK'S ELEMENTS OF FHTSICAL eEOGBAFHT. 
With Examination Papers. 96 pages. 6d. in stiff wrapper, or 8d. doth. 



English Reading^ Grammar ^ etc. 



Lennie's Principles of English Orammar. Comprising 

the Sabstance of all the most approved English Grammars, briefly 
defined, and neatly arranged; with Copious Exercises in Parsing 
and Syntax. New Edition; with the author's latest improvements, 
and an Appendix in which Analysis of Sentences is fully treated. 
Is. 6d. 

The Author's Key; containing, besides tlie corrected Exer- 
cises in Parsing and Svntax, many useful Critical Remarks, Hints, 
and Observations, and explicit and detailed instructions as to tho 
best method of teaching Grammar. New Edition^ embracing a Key 
to Analysis of Sentences. 3s. 6d. 

Analysis of Sentences; Being the Appendix to Xennie's 
Grammar adapted for General Use. Price 3a. Key, 6d. ^ 

The Principles of English Orammar; with a Series of 

Progressive Exercises, and a Supplementary Treatise on Analysis 
of Sentences. By Dr James Douglas, lately Teacher of English, 
Great King Street, Edinburgh. Is. 6d. 

Douglas's Initiatory Orammar, for Juniob Classes. 

Printed in larger type, and containing a Supplementary Treatise 
on Analysis of Sentences. 6d. 

Douglas's Progressive English Reader, a New Series 

of English Beading-Books. The earlier Books are iUuatrated with 
numerous Engravings. 

FiBST Book. 2d. I Thibd Book. Is. I Fifth Book. 2s. 
Secohd Book. 4d. | Foubth Book. Is. 6d. | Sixth Book. 28. 6d. 

Douglas's Selections for Recitation, with Introductory 

and Explanatory Notes ; for Schools. Is. 6d. 

Douglas's Spelling and Dictation Exercises, ui pages, 

price Is. 

At?iencBum.—" A good practical book, from which correct spelling and pro- 
Qimciation may be aoqahred." 

Douglas's English Etymology: a Text-book of Deriva- 

tives, with numerous Exercises. 168 pages, price 2s. 
Seoitman.—" An especially excellent book of derlTatives.'' 



G English Reading^ Grammar^ etc 
Ontlines of English Orammar and Analysis, for 

ELRBnsNTARY ScHoous with EXERCISES. Bj Walteb Scott 
Daloleish, M.A. Edin.| lately one of the Masters in the London 
International College. Price 6d. in stiff wrapper, or 8d. cloth. 
Ket, Is. 

Dalgleish's Progressive English Orammar, with Exeb- 

asES. 28. Key, 2s. 6d. 

From Dr Joskph Bobwobth, Professor of Angla-Saxon in the Uninenitjf of 
Oxford; Author of the Anglo-Saxon Dictionary, etc., etc. 

"Quite a practical work, and contains a vast quantity of important 
information, well arranged, and brought up to the present improred state 
of philology, I have never seen so much matter brought togetiier in so 
short a space." 

Dalgleish's Grammatical Analysis, with Pbogbessiyb 

£z£RCiS£& 9d. Key, 2s. 

Dalgleish's Ontlines of English Composition, for 

Elementabt SchoolSi with Exebcises. 6d. Key, 4d. 

Dalgleish's Introductory Text-Book of l^gili^h 

COMPOSITION, hased on Grammatical Synthesis ; containing 
Sentences, Paragraphs, and Short Essays. Is. 

Dalgleish's Advanced Text-Book of English Com- 

POSITION, treating of Style, Prose Themes, and Versification. 
2s. Both Books bound together, 2s. 6d. Key, 2s. 6d. 

English Orammar, founded on the Philosopher of Language 
and the Practice of the best Authors. With Copious Exercises, 
Constructive and Analytical. By 0. W. Connon, LL.D. 
2s. 6d. 

Spectator.—" It exhibits great ability, combining practical skill with philo- 
sophical views." 

Connon's First Spelling-Book. 6d. 

Shakespeare's King Eichard II. With Historical and 

Critical Introductions j Grammatical, Philological, and other Notes, 
etc. Adapted for Traming Colleges. By Key. H. G. Robinson, 
M.A., Prebendary of York, late Principal of the Diocesan Training 
College, York. Is. 

Wordsworth's Excursion. The Wanderer. With Notes 

to aid in Analysis and Paraphrasing. By Eev. H. G. Kobinson. 
8d. 

Lamh's Tales from Shakespeare. In Four Parts, price 

3d. each ; or bound together, price Is. 
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A Dictionary of the English Language, containing 

the Pronnnciatioii, Etymology, and Explanation of all Words 
aathorized by Eminent Writers. To which are added, a Vocabulary 
of the Roots of English Words, and an accented list of Greek, Latin, 
and Scripture Proper Names. By Alexander Reid, LLJD., late 
Head Master of the Edinburgh Institution. Medveed to 28. 6d. 

Dr !Eteid*8 Sndiments of English Orammar, GreaUy 

Improved. This book is concise, simple, and of easy implication. 
Copious Exercises have been introduced throughout ; together with 
a new Chapter on the Analysis of Sentences. 6d. 

Dr Raid's Sndiments of English CompositioiL With 

Copious Exercises. BemoddUd, 2s. Key, 2s. 6d. 

The work now IncladM Systematic Exercises in Sentence-making. A 
distinct division has been devoted to the Stractnre of Paragraphs. The 
sections on Descriptive and Narrative Essays have been entirely rewritten. 

History of English Literature; with an Outline of the 

OsiaiN and Growth of the EnausH LANOUAaB. Illustrated by 
EzTBACTB. For Schools and Private Students. By Pbofessob 
SPALDiNa. Bevised and contmued. 3s. 6d. 

The whole work bag undergone thorough and oarefol revision. The chapters 
on the Language, and those on our Earlv Literature, have been brought into 
harmony with tiie results of recent philological and historical investigations ; 
while the record of events has been brought down to the present time. A few 
explanatory notes have been added in an Appendix, with the view of removiog 
the difficulties which recondite allusions and illustrations are apt to cast in 
the path of the young student 

Studies in Composition: A Text-Book for Advanced 

Classes. By Datid Prtde, M.A., Head Master of the Edinbui^h 
Merchant Company's Educational Institution for Young Ladies. ». 

English Composition for the Use of Schools, By 

Robert AKHSTROxa, LL.D., Madras College, St Andrews; and 
Thomas Abmstroxg, Ueriot Foundation School, Edinburgh. Part 
I., is. 6d. Part II., 2& Both Parts bound together, 3s. Eet, 28. 

Armstrong's English Etymology. 28. 
Armstrong's Etymology for Junior Classes. 4d. 
Selections from Paradise Lost ; with Notes adapted for 

Elementary Schools, by Key. Robert Demaub, M.A., late of the 
West End Academy, Aberdeen. Is. 6d. 

Demans's Analysis of Sentences. 3d. 



Swing's Principles of Elocution, improved by F. B. 

Calye&t, A.M. 3s. 6d. 



8 English Reading j Grammar^ etc 

Glasgow Infant School Magazine. Compiled by D. 

Gauohib, Master of the Initiatory Department in the Glasgow 
Normal Seminary. WUh numerous Woodcuts, 1st Series, 43d 
Thousand, price Sis. 2d Series, 13th Thousand, price 3s. 

These yolamei famish a great rariety of Taloahle material for intelleetaal 
and moral teaching, comprising Anecdotes and Stories, Hymns and Simple 
Verses set to Music ; Lessons on Natural History, Botany, and on Familiar 
O^ects; Sacred Geography, Bible Lessons and Scriptnre Beferenoes. 

Household Economy. A Manual intended for Female 

Training Colleges, and the Senior Class of Girls* Schools. By 
Margaret Maria Gordon (Miss Brewster), Author of ** Work, 
or Plenty to do and how to do it," etc. 2s. 

Ehetorical Eeadings for Schools. By Wat. M'Dowall, 

late Inspector of the Heriot Schools, Edinhorgh. 2s. 6d. 

System of English Grammar, and the Principles of Com- 
position. With Exercises, and a Treatise on Analysis of Sentences. 
By John White, F.E.I.S. Is. 6d. 



SESSIONAL SCHOOL BOOE& 

Etymological Onide. 2s. 6d. 

This is a coUectioD, alphabetically arranged, of the principal roots, aflBzes, 
and prefixes, with their derlTatives and compounds. 

Old Testament Biography, containing notices of the chief 

persons in Holy Scripture, in the form of Questions, with references 
to Scripture for the Answers. 6d. 

New Testament Biography, on the same plan, 6d. 



OBJECT-LESSON CARDa 

On the Vegetable Elingdom. Set of 20 in a Box. £1, is. 
On the Animal Kingdom. Set of 14 in a Box, £1, Is. 
On the Mineral Kingdom. Set of 14 in a Box, £1, is. 

Each sutiject is illnstrated with speeimens, attached to the Cards, of the 
▼arions objects described, the whole forming an interesting Indnttrlal 
Museum. 

How to Train Tonng Eyes and Ears : Being a Manual 

of Objectt-Lebsons for Pabents and Teaohebs. By Maby Ahnb 
Ross, Mistress of the Church of Scotland Normal in£uit School, 
Edinburgh. Is. 6d. 
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GEOGEAPHY AND ASTRONOMY. 

Oliver and Boyd's Fronoancing Gazetteer of the World, 

DESCRipnYE AND STATISTICAL. With Numerous Etymological 
Notices: A Geographical Dictionary for Popular Use. 
Crown Syo, 5s. ; or with Atlas of 32 Coloured Maps, 6s. 6d. 

'Daily Telegraph. — '^ Great pains have eyidently been taken to set down 
fiEictB briefly but accurately, and its compiler has given a very fair amount of 
space to the results of the most recent explorations and discoveries. It will 
prove a most useftil book of reference." 

A Compendium of Modem Geography, Political, 

Physical, and Mathematical : With a Chapter on the Ancient 
Geography of Palestine, Outlines of Astronomy and of Geology, a 
Glossary of Geographical Names, Descriptive and Pronouncing 
Tahles, Questions for Examination, etc. By the Key. Alex. 
Stewart, LL.D. CarefuJXy Bevised, With 11 Maps. 3s. 6d. 

School Geography. By James Clyde, M.A., LL.D., one 

of the Classical Masters of the Edinburgh Academy. With special 
Chapters on Mathematical and Physical Geography, and Techno- 
logical Appendix. Revised tJurougTumt and largely re-vnitten. 4s. 

EducaUondl News. — "The grand characteristic of the 'School Geography' 
is its singular readableness — its clear, fluent, lively narrative ; the sunny ray 
of realistic art that everywhere brightens the subject with the charm almost 
of romance, dispelling the heavy cloud of superfluous facts and figures." 

Dr Clyde's Elementary Geography, With an Appendix on 

Sacred Geography. Memsed througJiout and largely re-umtten. Is. 6d. 
SducaUanal Times.—** A thoroughly trustworthy manual." 

An Abstract of General Geography, comprehending a 

more minute Description of the British Empire, and of Palestine or 
the Holy Land, etc With numerous Exercises. For Junior 
Classes. By John White, F.E.I.S., late Teacher, Edinburgh. 
Oar^tiUy Beoised and Enlarged. Is. ; or with Five Maps, Is. 3d. 

White's System of Modem Geography; with Outlines of 

Astronomy and Physical Geography; comprehending an Account 
of the Principal Towns, Climate, Soil, Productions, Religion, Educa- 
tion, Govemment, and Population of the various Countries. With 
a Compendium of Sacred Geography, Problems on the Globe, 
Exercises, etc. OarefuUy Revised. 28. 6d. ; or with Six Maps, 
28. 9d. 



10 Oeography and Astronomy. 

Rndimeiits of Modern Geography. By Alex. Reid, 

LL.D.. late Head-Maater of the £diiibur«;h Institution. OaxefvSbf 
Memsed. Is. ; or with Fire Coloured Maps, Is. 3d. Enlarged i^ 
36 ^aages q/ extra informaJtUm regarding the CounUee and prmci^ 
Raidways ofihe United Kingdom, 

The names of places are aocented, and accompanied with short desoriptiODa, 
and occasionally with the mention of some remarkable event. To the several 
coontries are appended notices of their physical geography, productions, 
government, and religion; concluding with an outline of sacred geography, 
problems on the use of the globes, and directions for the construction of maps. 

First Sook of Geography; being an Abridgment of 

Dr Beid*8 Rudiments of Modem Geography; with an Outline of the 
G^graphy of Palestine. Oar^/uUy Bemsed. 6d. 

Dr Eeid's Outline of Sacred Oeography. 6d. 

This little work is a manual of Scripture Geography for young persons. 
It is designed to oommunicate such a knowledge of the places mentioned in 
holy writ as will enable children more clearly to understand the sacred nar- 
rative. It contains references to the passages of Scripture in which the 
most remarkable places are mentioned, notes chiefly historical and descrip- 
tive, and a Map of the Holy Land in provinces and tribes. 

An Introductory Oeography, for Junior Pupils. By Dr 

James DouauLS, lately Head Master, Great King Street School, 
Edinburgh. CartfuUy Beviaed, 6d. 

Dr Douglas's Progressive Oeography. On a new plan, 

showing recent changes on the Continent and elsewhere, and em- 
bracing much Historical and other Information. 160 pages, Is. 
CarefuUy Bevited. 

Athenaum.^" ThB information is eopions, correct, well put, and adapted to 
the present state of knowledge." 

Dr Douglas's Text-Book of Oeography, containing the 

Physical and Politioal Gbooraphy of all the Countries of the 
Globe. Systematically arranged. 28. 6d. ; or with ten Coloured 
Maps, 3s. Car^fijUly Revised, 

Oeography of the British Empire. By William 

Lawbon, St Mark's College, Chelsea. CartfuUy Beviaed, Ss. 
Past I. Outlines of Mathematical and Physical Geography. 

II. Physical, Political, and Commercial Oeography of the British 

Islands. 
m. Physical, Political, and Commercial Geography of the British 
Colonies. 

See Catalogue, page 4, for smaller Class Books of Geography by 
Mr Lawson. 
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Lawsoii*8 Outlines of Physiography. With Illustrations. 

In Two Parts. Price 2s. 6d. First FMiahed September 1880. 

This manual is intended m a Text-Book of Physiography aa prescribed by 
the syllabns of the Science Department, South Kensington. In Part I., 
which corresponds with the Elementary Stage of the sobjeet, the Earth is 
considered apart from other portions of the universe, and chiefly in relation 
to the materials of which it is composed, the forces which act upon those 
materials, and the distribution of vegetable and animal life. In Part II. 
the Earth is considered as a planet, and its position in the solar system, as 
well as its relation to the distant stars, are pointed out. 

The PoLTtB may he had separately, price Is. Qd, each. 

Lawson*s Text-Book of Physical Geography, with Exam- 
ination Papers. A complete view of the whole subject, combining 
simplicity of style with scientific accnracj. New Edition. 3s. 6d. 

Oliver and Boyd's Handy Atlas of the World. 82 

full-coloured Maps. 8vo, very neat, 28. 6d. 

Oliver and Boyd's School Atlas, showing Recent Dis- 

coYcries. 32 large full-coloured Maps, including Palestine and the 
Boman Empire ; with Diagram of Geographical Terms. Price Is. 

Oliver and Boyd's Junior Atlas. 16 full-coloured Maps ; 

with Diagram of Circles and Zones. Price 3d. 

School Guardian* — " Both of them [the Atlases] deserve favourable notice 
on account of their cheapness and general suitability for the purpose of 
teaching geography in elementary schools." 

Edinburgh Academy Modem Geography. 28. 6d. 
Swing's System of Geography. 48. 6d. ; with 14 Maps, 6s. 
Eeid's Elements of Astronomy ; for Schools and Private 

Study. Hevised and brought doum to thepi'eaent state of Aatronomiccil 
Science, by Rer. Alex. Maokat, LL.D., Author of *' Manual of 
Modem Geography," etc. With 66 Wood Engravings. 3s. 

Eeid's Elements of Physical Geography ; with Outlines 

of GEOLoaT, Mathshatioal Geogsapht, and Astbokomy, and 
Questions for Examination. With numerous Illustrations, and a 
large coloured Physical Chart of the Globe. Is. 

Mnrphy's Bible Atlas of 24 Maps. With Historical 

Descriptions. Is. 6d. coloured. 



HISTOBT. 

Thx worka in this department haye been prepared with tbe greatest care. 
They will be fonnd to indade Clase-bookB for Jonior and Senior Clasaea in all 
the branehes of HlMory generally taught in the best schools. While the 
utmost attention has been paid to aocnraey, the narratiyes hare in ereiy 
ease been rendered as instmetiye and pleasing as possible, so as to relieye the 
study from the tediousness of a mere dry detail of faets. 

L Concise History of England in Epochs. By J. F. 

CORKSAN. With Maps and Genealogical and Chronologioal Tables, 
and comprehensiye Questions to eadi Chapter. New SdiHonf vfUh 
the Eiatory continued, 2a, 6d. 

The writer has ^endeavoured to eonvey a broad and foil tmpresdon of the 
great Epochs, and to develop with carei but in subordination to the rest of 
Uie narrative, the growth of Law and of the Constitntion. 

History of England for Junior Classes ; with Questions 

for Examination. Edited by Henst White, B. A., Trinity College, 
Cambridge, M.A. and Ph. Dr. Heidelberg. Is. 6a. 

AtTieneeum,—^* A cheap and excellent history of England, admirably adapted 
for the use of Junior classes. The various changes that have taken plaee in 
our constitution are briefly but clearly described. It is surprising how sno^ 
eessfally the editor has not merely avoided the obscurity which generally 
accompanies brevity, but invested his narrative with an interest too often 
wanting in larger historical works. 

History of Oreat Britain and Ireland; with an Account 

of the Present State and Resources of the United Kingdom and its 
Colonies. With Questions and a Map. By Dr White. 38. 
Athetueum.—" A carefully compiled history for the use of schools. The 
writer has consulted the more recent authorities : his opinions are liberal, 
and on the whole just and impartial : the succession of events is developed 
with clearness, and with more of that picturesque effect which so delights the 
young than is common in historical abstracts.'^ 

History of Scotland; with Questions for Examination. 

Edited by Dr White. Is. 

This work meets the requirements of the Scotch Code, and is f^ee from 
religious and political bias. 

History of Scotland for Senior Classes ; with Qnestiong 

for Examination. Edited by Dr White. Ss. 6d. 

History of France ; with Questions for Examination, and a 

Map. Edited by Dr White. Ss. 6d. 

AtJietuBum."^ Dt White is remarkably happy in combining convenient 
brevity with sufficiency of information, clearness of exposition, imd interest of 
detail. He shows great judgment in apportioning to each subject its dna 
amount of consideration." 

Outlines of Universal History. Edited by Dr White. 2s. 

Spectator.— ^^ Distinct in its arrangement, skilful in its selection of leading 
features, close and clear in its narrative." 



Dr White's Elements of Universal History, on a Ne^ 

and Sjstematic Plan. In Thbee Pasts. Pabt I. Ancient History; 
Part II. History of the Middle Ages ; Part III., Modem History. 
With a Map of ^e World. 7s. ; or in Parts, 2s. 6d. each. 

This work oontains nnmeroos synoptical and other taUes, to gnide the 
reaearehes of the student, with sketches of literature, antiquities, and manneri ' 
during each of the great chronological epochs. 

Outlines of the History of Rome; with Questions for 

Examination. Edited by Dr White. Is. 6d. 

Lomdkm .Bsvieto.— ^'This abridgment Is admirably adapted for the use of 
schools,— the best book that a teacher could place in the hand of a youthful 
student" 

Sacred History, from the Creation of the World to the 

Destmction of Jemsalem. With Questions for Examination. 
Edited by Dr White. Is. 6d. 

Baptist MagoMins.—" An interesting epitome of sacred history, calculated to 
inspire the young with a love of the divine records, as well as to store the 
mind with knowledge.'' 

Elements of General History, Ancient and Modem. To 

which are added, a Comparative View of Ancient and Modem 
Geography, and a Table of Chronology. By Alexander Fraseb 
Tttleb, Lord Woodhouselee, formerly Professor of History in the 
University of Edinburgh. New Edition^ with the History oontinued. 
With two large Maps, etc Ss. 6d. 

Watts* Catechism of Scriptnre History, and of the 

Condition of the Jews from the Close of the Old Testament to 
the Time of Christ With InTBODUcrnoN by W. K. Tweedis, 
D.D. 2s. 

Simpson's History of Scotland; with an Outline of the 

British Constitution, and Questions for Examination at the end of 
each Section. 3s. 6d. 

Simpson's Goldsmith's History of England ; with the 

Narrative brought down to the Middle of the Nineteenth Century. 
To which is added an Outline of the British Constitution. With 
Questions for Examination at the end of each Section. Ss. 6d. 

Simpson's Goldsmith's History of Greece. With 

Questions for Examination at the end of each Section. 8s. 6d. 

Simpson's Goldsmith's History of Rome. With Questions 

for Examination at the end of each Section. 8s. 6d. 
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WRITING, ABITHMETIO, AND BOOK-KEEPING. 

Arithmetio adapted to the New Code, in Three Paru. 

By Albxahdkr Tbottbb, Teacher of Mathematios, Edinbnr^ 

Pabt I. The Simple Roles. . . 86 pegei. VL—Aruwertt 8d. 
„ II. The Compoand Boke. . 86 pagee. 9d^^An»wer§f Bd. 
„ III. FneticetoDeeimaU. . 48 pagee. 9d^—Aiuweri, Bd. 
%* Or itrongly bound in om Volume, price Sd. 

Practical Arithmetic for Junior Classes. By Hemrt 

G. C. Smith, Teacher of Arithmetic and MathematicB in George 
Heriot*8 Hospital. 66 pages, Sd. stiff wrapper. Amwen^ 6d. 

From Ou Seo. Philip Kbllavd, A.M., F Jl.SS. L. A E., late FOlow of Qumdg 
College, Cambridge, Frofeeeor o/Mathematiet in the Dnivereitif o/Edinlmr^ 

" I am glad to leam that Mr Smith's Manual for Junior Classee, the MS. 
of which I have examined, is nearly ready for publication. Trusting that 
the ninstratiTe Processes which he has exhibited may prove as efSdent In 
other hands as they have proved in his own, I have great pleasure in 
recommending the work, being satisfied that a better Arithmetidan and a 
more Judicious Teacher than Mr Smith is not to be found." 

Practical Arithmetic for Senior Classes ; being a Con- 
tinuation of the above ; with Tables and Exercises on the Metric 
System. By Henbv G. C. Smith. 2s. Amwa's^ 6d. Key, 28. 6d. 

%* The Exereieee in both worke, which are eofume and original, have been 
eonetrueted $o ae to eombine intereet wiih vtilitif. They art aooon^panied hp 
Uluetrative procetaee. 

Lessons in Arithmetic for Junior Classes. By Jame8 

Trottek, 71 pages, 6d. stiff wrapper; or 8d. cloth. Antwert, 6d. 

Carefully revised, and enlarged by the introduction of Simple Examples of 
the various rules, worked out at length and fully explained. The Prsctical 
Exercises are numerous, and Exercises on the Decimal Coloage^have been 

sdded. 

Lessons in Arithmetic for Advanced Classes; being 

a Continuation of the Lessons in Arithmetic for Junior Classes. 
Containing Vulgar and Decimal Fractions ; Simple and Compoand 
Proportion, with their Applications ; Simple and Compound Intereet ; 
Involution and Evolution, etc By Aleiandeb Tbottee. New 
Edition, with Tables and Exercises on the Metric System. 80 pages, 
6d. in stiff wrapper ; or 8d. cloth. Anawerg^ 6d. 

Each subject is also accompanied by an example fully worked out and 
minutely explained. The Exercises are numerous and practical. 
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A Complete System of Arithmetie, Theoretic*! and 

PnotiofJ ; oontaining the Fundamental Rules, and their Application 

to Mercantile Computations ; Vulgar and Dedmal Fractions ; Inyo- 

lution and Eyolution; Series; Annuities} Certain and Contingent. 

B7 Mr Tbotteb. 8s. Ket, 4s. 6d. 

%* AU the 8400 Exereiits in tJUs m>rk art neto. Tkeu are afflieable to the 
bunnett of real lift^ and are framti in swh a vap ae to lead the pupil to reason 
on the maiter. There are upwarde of 200 Eatamplee wrought out at length and 
minutely eaqpiained. 

Ingram's Principles of Arithmetic, and their Application 

to Business explained in a Popular Manner, and clearly Illustrated 

by Simple Rules and Numerous Examples. BemoddUd and greatly 

Enlarged^ with Tables and Exercises on the Metric System. By 

Alexandeb Tbotteb, Teacher of Mathematics, etc., Edinburgh. Is. 

Key, 28. 

Each rule ie foUowed by an eauatipU wrought out at length, and is illostrated 
by a great variety of practical qaestions applicable to business. 

Melrose's Concise System of Practical Arithmetic; 

containing the Fundamental Rules and their Application to Mercan* 

tile Calculations; Vulgar and Decimal Fractions; Exchanges; 

Inyolution and Eyolution; Progressions; Annuities, Certain and 

Contingent, etc. He-arrangedj Improved, and Enlarged, with Tables 

and Exercises on the Metric System. By Alexandeb Tbotteb, 

Teacher of Mathematics, etc., in Edinburgh. Is. 6d. Key, 2s. 6d. 

Sach rule ie followed by an example worked out at lengthy and wUnutely 
explained^ and by numeroue practical £xereiee*. 

Hntton's Book-keeping, by Trotter. 2s. 

Sets of Buled Writing JSooJfc*,— Single Entry, per set, Is. 6d. ; Doable Entry, 
per set, la. 6d. 

Stewart's First Lessons in Arithmetic, for Junior Classes ; 

containing Exercises in Simple and Compound Quantities arranged 
so as to enable the Pupil to perform the Operations with the greatest 
facility and correctness. With Exercises on the Proposed Decimal 
Coinage. 6d. stiff wrapper. Answers, 6d. 

Stewart's Practical Treatise on Arithmetic, Arranged 

for Pupils in Classes. With Tables and Exercises on the Metric 
System. Is. 6d. This woi^ includes the Answers ; with Questions 
for Examination. Key, 2s. 

Gray's Introduction to Arithmetic; with Tables and 

Exercises on the Metric SystenL lOd. bound in leather. Key, 2s. 



Lessons in Arithmetio for Junior Classes. By James 

Maglabih, Edinburgh. With Anawen annexed. Sd. 

Maclaren's Practical Book-keeping. Is. 6d. 

A &f o/iliiM WrUing Book$, tacfreulif adapted fur thi» wrh, U, M. 

Scott's First Lessons in Arithmetic, 6d. Amwera, 6d. 

Scott's Mental Calculation. 6d. Teacher's Copy, 6d. 

Copy Books, in a Progressive Series. By R. Scott, late 
Writing-Master, Edinburgh. Each containing 24 pages. Post 
paper, 4d. 

Scott*s Copy Lines, in a Progressive Series, 4d. each. 



PHILOSOPHY, MATHEMATICS, ETC. 

A Handbook of the History of Philosophy. By Dr 

Albert Schwegler. Seventh Edition. Translated and Annotated 
bv James Hutchison STisuNa, LL.D., Author of the ^ Secret of 
Hegel." Crown 8vo, 6s. 

'' Schwegler's is the best possible handbook of the histor7 of philosophy, 
and there could not possibly be a better translator of it than Dr Stirling." — 
Westminster Review. 

Ingram's Concise System of Mathematics, Theoretical 

and Practical, for Schools and Private Students. Improved by 
James Trotteb. With 340 Woodcuts. 4s. 6d. Key, 3s. 6d. 

Ingram's Mensuration ; for Schools, Private Students, 

and Practical Men. Improved by James Trotteb. 28. 

Ingram and Trotter's Euclid, with Exercises. With 

the Elements of Plane Tbioonometrt and their practical appli- 
cation. Is. 6d. 

Introductory Book of the Sciences. By Jabies Nicol, 

F.R.S.E., F.G.S., Professor of Natural History in the University 
of Aberdeen. With 106 Woodcuts. Is. 6d. Car^lly Semed, 



GEOMETRICAL DRAWING. 

The First Grade Practical Geometry. Intended chiefly 

for the use of Drawing Classes in Elementary Schools taught in 
connexion with the Department of Science and Art. By Johh 
Eennidt, Head Master of Dundee School of Art. 6d. 
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SCHOOL SONGS WITH MUSIC. 

Elements of Vocal Music : An Introdaction to the Art 

of Reading Miuic at Sight. Bj T. M. Huntsb, Director to the 

Association for the ReTiyal of Sacred Music in Scotland. Price 6d. 

*«* TkU Work hoi been prepared with great care^ and is the remit qf long 
practical exporUnce in teaching. It ie adapted to aU aget and eUueee^ and wUl 
%e found eoneiderdbly to Ughten the labour of both teacher and pupil. The 
exerciees are primted m ihe standard notation, and the notes are natned asimthe 
eriginal Sol-fa System, 

CovTxxTS,— Masie Scales.— Exercises in Time.— Syncopation.— The Chro- 
matic Scale.— Transposition of Scale.— The Minor Scale.- Fart Singing.— 
Explanation of Musical Terms. 

Hunter's School Songs. With Preface by Rev. James 

GuRRm, Training College, Edinburgh. 

FOB JUNIOB OIiASSlDS: 60 Songs, principallj set for two 
voices. First Series. 4d. — Second Senes : 63 Songs. 4d. 

FOB ADVANOBD OIiASSBS : 44 Songs, principallj set for three 
voices. First Series, 6d.^Second Series : 4S ^ngB. 6d. 

•«* A TONIC SOL-FA Edition of Hunter's Songs is now ready, 
of both Series :— Jditxob CnassBS, 8d.— Advajioxd Clabsks, 4d. 

Songs for Schools. Written and Composed by Clift 

Wade. With Simple Accompaniment for Harmonium or Pianoforte. 
Price 6d. 

The Tones Trill be found easy, melodious, and of moderate compass ; and 
the Words simple and interesting ; both being easy to teach and remember. 

*«* A Second Series of Waders Sonos is now ready ^ price 6d. 

School Psalmody : 58 Pieces for three voices. 4d. 
Oliver and Boyd's Examination Forms for Test- 

ExEBCiSES on Home and Class Work. 4to, price 4d. 

These Forms are snited for erery kind of subject In which examination is 
eondacted by question and answer. They have printed headings relating 
to Class, DiTislon, Name, Date, and Marks, with Bnled Paper on which to 
write questions and answers; and will thus supply a couTenient record of 
work accomplished. 

School Register. Pupil's Daily Register of Marks. 

Improved Edition, Containing Spaces for 48 Weeks ; to which aro 
added, Spaces for a Summary and Order of Merit for each Month, 
for each Quarter, and for the Year. For Schools in general, kdH 
construct^ to furnish information required by Goyernment 2d. 

School Register of Attendance, Absence, and Fees: 

adapted to the New Codes for England and Scotland, by Mokkib F. 
Mtbon, F.E.I.S. Each folio will serre 54 pupils for a Quarter. Is. 



FRENCH CLASS-BOOKS by CHiS. HEMI SCINEIDEB, 

F.E.I.S., M.O.P. 

Formerly Senior French Master in the Edinburgh High School, the School 
of Arts and Watt Institution, etc. ; French Examiner to the Educational 
Institute of Scotland, etc. 

Schneider's First Year's French Course. Is. CcL 

%* This work forms a Complete Course of French for Beginners, and 
comprehends Grammatical Exercises, with Rules: Reading Lessons, with 
Notes; Dictation; Exercises in Conversation; and a Vocabulary of all the 
Words in the Book. 

The Edinburgh High School French Oonversation- 

GRAMMAB, arranged on an entirelj Kew Plan, with Qnestions 
and Answers. Dedicated, by permissiorif to Professor Max MvUer. 
3s. 6d. Key, 28. 6d. 

L^Utrfnm PBorsssoa Max MOllxb, Uniwrsity of Oatford, 

" Mt dxab Sib,— I am very happy to find that my anticipations as to the 
success of your Qrammar hare been ftilly realized. Your book does not 
require any longer a godfiither ; but if yon wish me to act as snch, I shall 
be most heppy to hare my name connected with your prosperous ehild. — 
Yours very truly, IL&x MGllxb. 

" To Mons. C. H. Schneider, Edinburgh High School.'' 

The Edinburgh High School New Practical French 

READER: Being a Collection of Pieces from the best French 
Authors. With Questions and Notes, enabling both Master and 
Pupil to conyerse in French. 3s. 6d. 

The Edinburgh High School French Manual of 

GONYEBSATION and GOMMSBOLLL GOBBESPONDENCE. 2b. 6d. 

In this work, Phrases and Idiomatic Expressions which are used most 
frequently in the intercourse of erery-day life have been carefully collected. 
Care has been taken to avoid what is triyial and obsolete, and to introduce all 
the modem terms relative to railwayst steamboats, and trayelling in general. 

l^crin Litt&aire: Being a Collection of Lively Anec- 
dotes, Jeuz de Mots, Eniomas, Charades, Poetbt, etc., to serve 
as Headings, Dictation, and Recitation. 3s. 6d. 

Progressive French Composition. Dedicated to Dr 

Donaldson, Partie Anglaise, with Notes, 3s. ; Partie Fran9ai8e, Ss. 
Being a collection of Hnmorons Pieces chiefly from the French, 
translated into English for this work, and progressively arranged, 
with Notes. 



standard Pronoimolng Diotioiiary of fhe Trench and 

ENGLISH LANGUAGES. In Two Pabib. Part I. French and 
Sngl!uh,—TBit II. JSngUtk and Freneh, Br Gabriel Subenhe, 
late Professor in the Scottish Naval and Military Academy, etc 
The First Part comprehends Words in Common Use, Terms con- 
nected with Science and the Fine Arts, Historical, Geographical, 
ind Biographical Names, with the Pronunciation accordmg to the 
French Academy and the most eminent Lexicographers and Gram- 
marians. The Second Part is an ample Dictionary of English words, 
with the Pronunciation accord|ing to the hest Authorities. The 
whole is preceded hy a Practical and Comprehensive System of 
French Pronunciation. 7b. 6d., strongly hound. 

Tht Bututneiatwn is shown hy a differsiU speUmg of the Words. 

Snrenne's Frencli-Englisli and English-French 

DICTIONARY, without the Pronunciation. 8s. 6d. strongly bound. 

Snrenne'8 Fenelon's Telemaque. 2 vols, Is. each, stiff 

wrapper ; or bound together, 2s. 6d. 

Surenne*s Voltaire's Histoire de Charles XII. 

Is. stiff wrapper ; or Is. 6d. bound. 

Snrenne's Voltaire's Histoire de Rnssie sons Pierre 

LE GRAND. 2 vols. Is. each ; or bound together, 2s. 6d. 

Snrenne's Voltaire's La Henriade. Is., or Is. 6d. bound. 

Snrenne's New French Dialognes; with an Introduc- 
tion to French Pronunciation, a Copious Vocabulary, and Models of 
JSpistolary Correspondence. Pronundation marked thr<mghout 2s. 

Snrenne's New French Mannal and Traveller's 

COMPANION. Containing an Introduction to French Pronuncia- 
tion ; a Copious Vocabulary ; a verv complete Series of Dialogues 
on Topics of Every-day Life; Dialogues on the Principal Conti- 
nental Tours, and on the Objects of Interest in Paris ; with Models 
of Epistolary Correspondence. Map. Pronundation marked throughr 
out. 3s. 6d. 

Snrenne's Prononncing French Primer. Containing 

the Principles of French Pronunciation, a Vocabulary of easy and 
familiar Words, and a selection of Phrases. Is. 6d. stiff wrapper. 

Snrenne's Moliere's L'Avare: Com^die. 6d., or Is. bound. 
Snrenne's Moliere's Le Bonrgeois Gentilhonune : 

Com^die. 6d. stiff wrapper ; or It. bound. 

Snrenne's Moliere's Le Misanthrope: Ck)m^die. Le 

MABIAGE FORCE: Com^die. 6d. stiff wrapper; or Is. bound. 

Snrenne's French Eeaduig Instmctor, Reduced to 2a, 6d. 



First Freneh Class-book, or a Practical and Easy Method 

of learning the Fkevch Lakouaoe, consiBting of a series of Fbjench 
and Enolish Exsbgibes, progressirelr and grammaticallj arranged. 
By Jules Cabov, F.E.LS., French Teacher, Edin. Is. Ket, Is. 

This work follows the natural mode in which a child learns to speak its own 
language, by repeating the same words and phrases in a great rariety of forms 
nntil the pupil becomes familisr with their nse. 

Caron's First French Eeading-book : Being Easy and 

Interesting Lessons, progressiyelj arranged. With a copious Yocab- 
olarj of the Words and Idioms in the Text. Is. 

Caron's Principles of French Orammar. With nomerous 

Exercises. 2s. Key, 2s. 

8f«eiaior,n--** May be recommended for clearness of exposition, gradual pro- 
gression, and a distinct exhibition to the mind through the eye by means of typo- 
graphical display : the last an important point where the subject admits of it." 

An Easy Grammar of the French Language. With 

EzEKcisEB and Dialogues. B7 John Chbistisoh, Teacher of 
Modem Languages. Is. 4d. Key, 8d. 

Christison's Eeoneil de Fables et Contes Choisis, 

ik r Usage de la Jeonesse. Is. 4d. 

Christison's Flenry's Histoire de France, Racont^ 

k la Jeonesse. With Translations of the difficult Passages. 2s. 6d. 

The French New Testament. The most approved 

Protestant Version, and the one in general nse in the FRBNCn 
Reformed Chubche& Pocket Edition, roan, gilt edges, Is. 6d. 

Chamband's Fables Choisies. With a Vocabulary 

containing the meaning of all the Words. Bj Scot and Weij& 2s. 

Hallard's French Grammar. 38. 6d. Key, ds. 6d. 
Orammar of the French Language. By A. Beljame, 

B.A., LL.B., Vice-Principal of the Paris International (College. 2f. 

Beljame's Four Hundred Practical Exercises. 2s. 

%* Both Boohs hound togtthir, 8«. 6d, 

The Trhole work has been composed with a view to oonvenation, a great 
number of the Exercises being in the form of questions and answers. 

New French Grammar. By F. A. Wolski, late Master 

of the Foreign Language Department in the High School of Glas* 
gow. With Exercises. 3s. 6d. 



LaHn and Greek. 21 



EDINBURGH ACADEMY CLASS-BOOKS. 

1. Eudiments of the Latin Language, for the Use of 

the Edinburgh Academy. Id Two Parts. B7 James Clyde, M.A., 
LL.D., author of "Greek STntax," etc. 12mo, price 2s.; or in 
Two Parts, sold separately, price Is. 3d. each. 

It is divided into two parts, each containing the same number of sections, 
under the same headings, in which the same subjects are treated of— in Part 
I. with a view to beginners, in Fart II. with a view to advanced students. 

dthencBum. — "This volume is a very full, correct, and well-arranged gram- 
mar of the Latin language, and is wonderfully cheap. It compares ntvourably 
with the Clarendon Press Elementary Grammar. Distinguishing features 
are the simple but effective device of making two parts of accidence, instead 
of relegating important matter to the comparative obscurity of an appendix, 
and the rejection of the objectionable method of combining a reader and exer- 
cises with the grammar." 

Educational New8. — " A fresh, thorough, and methodical treatise, bearing on 
every page evidences of the anthor^s ripe scholarship and rare power of lucid 
exposition." 

%* The old edition 0/ the Eoinbuboh Aoadeu7 Latin Budihemts may still 

be had if desired, 

2. Latin Delectus ; with a Vocabulary containing an 
Explanation of eyery Word and Difficult Expression which occurs 

in the Text 3s. 

3. Endiments of tiie Greek Language ; with the Syntax 

entirely re-written, and with Accent and Quantity treated of accord- 
ing to their mutual relations. 3s. 6d. 

4. Oreek Extracts; with a Vocabulary containing an 

Explanation of every Word and of the more Difficult Passages in 
the Text Ss. 6d. 

5. Selections from Cicero. Ss. 

6. Selecta e Poetis Latinis, ds. 



Oreek Syntax ; with a Rationale of the Constmctions, by 
Jas. Clyde, LL.D., one of the Classical Masters of the Edinburgh 
Academy. With Pre&tory Notice by John S. Blackib, Professor 
of Greek in the Uniyersify of Edinburgh. 5th Edition. Bevised 
ihrcmghma and largdy re-written^ containing an English Summary 
for the Use of Learners and a Chapter on Accents. 4s. 6d. 

Oreek Oranimar for the Use of Colleges and Schools. By 

Professor Geddes, Uniyersity of Aberdeen. 4s. 

The author has endeavonred to combine the clearness and conciseness of the 
older Oreek Grammars with the accuracy and (tdness of more recent onea 



DB HUNTER'S CLASSICS. 

1. Ennter's Suddiman's Budiments. Is. 6d. 

2. Ennter's Sallust ; mth Footnotes and Translations. 

Is. 6d. 

3. Simter's Virgil; with Notes and other niostrations. 
28. 6d. 

4. Simter's Eorace. 28. 

5. Simter'8 Livy. Books XXI. to XXV. With Critical 

and Explanatory Notes. Seduced to 3s. 



Latin Prose Composition : The Construction of Clauses, 

with ninstrations from Cicero and Caesar; a Vocabulary containing 
an Explanation of every Word in tiie Text ; and an Index Yerbcnnim. 
By John Massie, A.M. 3s. 6d. 

Dymock's Csesar ; with illustrative Notes, a Historical and 
Geographical Index, and a Map of Ancient Ghml. 4s. 

Dymock's Sallust; with Explanatory Footnotes and a 
Historical and Geographical Index. 2s. 

Csesar ; with Vocabulary explaining every Word in the Text, 
Notes, Map, and Historical Memoir. By William M^Dowall, 
late Inspector of the Heriot Foundation Schools, Edinburgh. 3s. 

M'Dowall's Virgil; with Memoir, Notes, and Vocabulary 
explaining every Word in the Text. Ss. 

Neilson's Entropias et Aurelius Victor; with Vocabu- 
lary containing the meaning of every Word that occurs in the Text 
Bevised by Wm. M'Dowall. 28. 

Lectiones Selectae : or, Select Latin Lessons in Morality, 
History, and Biography : for the nse of Beginners. With a Vocab- 
ulary explaining every Word in the Text. By C. Melville, late 
of the Grammar School, Kirkcaldy. Is. 6d. 

Macgowan's Lessons in Latin Reading. In Two Parts. 

Part I., Improved by H. Eraser Halle, LL.D. 2s. 19th Edition. 
Part II. 2s. 6d. The Two Courses famish Reading, Grammar, and 
Composition for Beginners. Each Volume contains a complete 
Dictionary adapted to itsel£ 

Ainiworth's Latin Dictionary, by Duncan, 1070 pages. 9s. 
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A Hew First Latin Coarse; comprising Grammar and 

Exercises, with Yocabolaries. B7 Geosoe Ogilyie, LL.D., Head 
Master of George Watson's College-Schools, Edinburgh. Is. 6d. 

Xducatwnal News. — *^ Exceedingly well adapted for the purpose for which it 
if Intended." Banffshire Journal.— " An admirable book." 

Educational Ttmes.— ''Well and careAillj done." 

A New First Oreek Gonrse; comprising Grammar, 

Syntax, and Exercises; with Vocabularies containing all the 
Words in the Text. By Thos. A. Stewart, one of Her M^estj's 
Inspectors of Schools m Scotland, lately Senior Classical Master 
in George Watson's College-Schools, Edinburgh, and formerly 
Assistant-Professor of Greek in the University of Aberdeen. 
New Edition^ erilarged by the addition of Exercises in continuous 
Tiarrativefor translation into Oreek, Price 2s. 6d. 

AOienaum. — " Superior to moBt works of the kind." 

Becord. — ^''The easiest, and most practical, and most asefiil introduction to 
Greek yet published in this country." 

Educational News. — " This little book deserves the highest commendation. 

Great skill is shown in selecting those facts of Accidence and Syntax 

which ought to be given in such a book." 

*;^* The above two Class-hooks supply sufficient work for a year^ 
witMut the necessity of using any other liook. 

Hair's Introdtictioii to Latin Syntax ; with Hlustrations 

by Rev. Alex. Stewart, LL.D. ; an English and Latin Vocabulary, 
and an Explanatory Vocabulary of Proper Names. 3s. 

Stewart's Cornelias Nepos; with Notes, Chronological 

Tables, and a Vocabulary explaining every Word in the Text. 3s. 

Duncan's Oreek Testament. 38. 6cL 

Xenophon's Anabasis, Books I. and II.; with Vocabulary 

giving an explanation of every Word in the Text, and a Trans- 
lation of the more difficult Phrases. By James Fergusson, M.D., 
late Rector of the West End Academy, Aberdeen. 2s. 6d. 

il(A«fuB«iiiw— "This admirable little work." 

Grammatical Exercises on the Moods, Tenses, and 

SYNTAX OP ATTIC GREEK. With a Vocabulary containing 
the meaning of every Word in the Text. By Dr FERaussoN. 
3s. 6d. Key, 3s. 6d. Intended to follow the Oreek Rv^dments, 

Homer's Iliad, Books I., VI., XX., and XXI7. ; from 

Bekker's Text, as revisad by Dr Veitch, with Vocabulary explain- 
ing eveiy Word in the Text, and a Translation of the more 
difficult Passages. By Dr Ferqusson. 3s. 6d. 

^^ttordian.— *' The VooabolaiT is t><^l°stakliig and elaborate.** 
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LATIN ELEMENTARY WORKS AND CLASSICS. 

am FxBousoM, LL J)., lately Professor of Hmnanity ii 
sad Unlvenl^ of Aberdeen, and fbrmerly one of the 



Edited by Qwotam Fxbousom, LL J)., lately Professor of Hnmanity in King's 
College and Unlversi^ of Aberdeen, and fbrmerl; 
Masters of the Edinburgh Aeademy. 



1. Ferg^iuoii's Orammatical Exercises. With Notes, 

and a Y ocabnlary explaining eyery Word in the Text. 28. Key, 28. 

2. Ferguson's Introductory Latin Delectus ; Intended 

to fbllow the Latin Radiments; with a Yooabnlvy containing an 
Explanation of every Word and of eyery Difficult Expression. 28. 

3. Ferguson's Ovid's Metamorphoses. With Notes and 

Index, Mythological, Geographical, and Historical. 28. 6d. 

4. Ferguson's Cioeronis Orationes Selectae. Containing 

pro Lege Manilia, lY. in Catilinam, pro A. L. Arohia, pro T. A. 
Milone. Ex Orellii recensione. Is. 6a. 

5. Ferguson's Ciceronis Cato Major sive de Senectute, 

Laelins sive do Amidtia, Somnium Soipionis, et Epistolae. Is. 6d. 



ITALIAN. 

Theoretical and Practical Italian Grammar; with 

Ntunerons Exercises and Examples, illustratiye of eyery Rnle, and 

a Selection of Phrases and Dialogues. By E. Lemmi, LL.D., 

Italian Tutor to H.R.H. the Prince of Wales. 6s.— Key, 58. 

From CouwT Saffi, Professor of the ItaUan Language at Oxford.—*^ I have 
adopted your Grammar for the elementary instmction of stuaents of Italian 
in the Taylor Institation, and find it admirably adapted to the purpose, as 
-well for the order and clearness of the roles, as for the practical excellence 
and ability of the exercises with which you haye enriched it" 



GERMAN. 

A New German Reader, in Peose and Verse ; with a 

Grammatical and Etymological Yocabolary containing the Meaning 
of all the Words in the Text ; Forms of Commercial and other 
Correspondence, and Specimens of German National Handwriting. 
For the Use of Schools. By C. Fisoheb-Fischabt, of the Edio- 
burgh Merchant Companj*s Educational Institutions, etc. 88. 6d. 

Fischart's Oerman Class-Sock for Seg^inners : Being 

a series of German Stories, with Vocabulary, Gnunmar, Exercises, 
etc. On an Original Plan. WflUirgedEd^iicm* Is. 6d. 

PUBLISHED BY OLIYEB AND BOTD, EDINBUBQH; 

M>U> ALSO BT SIVPKIir. MABiRALL. AVD 00^ LOVDOV. AVO AXX BOOOBLLBBS. 



SCHOOL SONGS WITH MUSIC. 



ELEMENTS OF VOCAL MUSIC: 

An Introduction to the Art of Reading Music at Sight 

By T. M. HUNTER, 

Director to the Association foe the Revival of 

Sacred Music in Scotland. 



Price Sixpence. Contents : 

Musical Scales — Exercises in Time — Syncopation — The 
Chromatic Scale — Transposition of Scale — The Minor Scale — 
Part Singing — Explanation of Musical Terms. With 29 
Songs as Exercises, including Glees, Trios, Quartettes, and 
Hounds. 



HUNTER'S SCHOOL SONGS. 

For Junior Classes. 60 Songs, principally set for Two 
Voices. First Series, 4d. Second Series, 63 Songs, 4d. 

For Advanced Classes. 44 Songs, principally set for 
Three Voices. First Series, 6d. Second Series, 46 Songs, (xl. 

\* Tonic Sol-fa Edition of both Series. 
Junior Classes, 3d. Advanced Classes, 4d. 



SCHOOL PSALMODY: 

Containing 58 Pieces ananged for three Voices, enibracinc^ 
Tunes suitable for Long, Common, Short, and Peculiar 
]\Ieasures. Price 4d. 

* J Specimen Copy of one or more Books sent to PrtTicipals 
of SclwolSy postfree^ on receipt of luilf price in Stanvps^ by 
Oliver and Boyd, Edinburgh. 



Edinburgh : Oliver and Boyd. 
London*. Riui'Kix, Marshall, and Co. 



* 
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SECOND SERIES OF WADE'S SONGS. 



Just publithed, price Gd. 

Songs for Schools. 

WRITTEN AND COMPOSED BY 

CLIFT WADE. 

With Simple Accomp<miment for Harmonium or 

Pianoforte, 

SECOND SERIES, 25 SONGS. 



CONTENTS. 

1. Tlie Morning Dawns. — 2. God bless the Schools of England. — 
3. When the Summer comes Again. — 4. Mine. — 5. A Thousand 
Stars. — 6. Read to me some thrilling Story. — 7. The Boy and the 
Bee. — 8. Britannia. — 9. Grain by Grain. — 10. Lullaby. — 11. Bells 
of Evening.— 12. O Give me Gold.— 13. The Battle in the Snow.— 
14. Not a Blot in the Book. — 15. Mother, do you think he's Sleep- 
ing? — 16. A Blackbird sang in a Mulberry Tree. — 17. The two 
little Trees.— 18. Rest— 19. The Curfew Bells.— 20. I Counted the 
Gleaming Stirs last night. — 21. The Old Man's Return to his Village 
Home. — 22. Victoria. — 23. Evening Song. — 24. Look before you 
Leap. — 25. We shall Reap what we Sow. 

^^* A Spedmeit Copy sent to Principals of Schools, post free, oil 
receipt of 3d. in Stamps, hy Oliver and Boyd, Ediiiburgh. 

Also on Sale, First Series (27 Songs), Price 6d. 



* « 



Edinburgh : Oliveu. 
London: SiMi'Kix, Ma/.- JjS /*.?:;.--■ :r \ ■■ •" .-v/^.T 

'■^.. **■ ■■:■ ' %^^-:' 






